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This book is, based upon tbe Manual of Logic of which 
the last edition was first published fifteen years ago. Since 
that time the need has arisen for a simpler and briefer 
treatment adapted to the intermediate university examina- 
tions to which Logic has been transferred from the final 
degree examinations. 

Moreover, controversy on the more modern parts of 
logical doctrine has had its legitimate outcome in a general 
agreement among thinkers on the subject. We are glad, 
in consequence, to be able to adopt a less controversial 
tone than was deemed advisable in the presentation of in- 
duction in the former work. 

Especially in the material lo^c of method and of induc- 
tion, then, a new version was desirable, and the opportunity 
was seized for a thorough revision of the treatment of the 
long accepted doctrines of formal logic, and for some im- 
portant re-arrangement of topics. In particular we believe 
that much is gained by placing the treatment of * Method ’ 
in such a position that the old doctrine of the syllogism 
is seen still to he an essential part of logical theoiy, and 
not merely an archaeological monument of the perverted 
ingenuity of our forefathers. We have also deemed it 
convenient to our readers to treat of the various forms of 
fallacy in immediate connexion with those parts of logical 
doctrine against which they ofend. If this has the further 
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effect of brightening the way along which the student must 
of necessity find much of difiSculty, it will be aU to the 

£«“ M a*. «*. 

We have added some questions on each part of loffical 
octrine, and we would earnestly urge every student who 
desires to become master of the subject to struggle with 
those exercises till lie has overcome them. 


Tub Univebsitt, Leeds, 

^une 1911 . 


J. W. 

A. J.M, 


NOTE TO EEVISED EEITION. 


Tots editon has been enlarged by the addition of a new 
chapter (Z^O dealing with applications of general method 
to the great branches of knowledge, and of a section on 

Other changes are 

confined to correction of errata. 


,Sepe. 1922 , 


J. W. 

A. J. M. 
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CHAPTER I. 


THE NATHKE OE LOGIC. 

1. Knowledge.— Men have always tlionglit as naturally 
as they have eaten, and they have found the matter on 

wliicli tlieir thonglits work, as woll as that which satisfies 
their hunger, among the things aronnd^ them. But the 
advance of what is known as civilisation is attended hy an 
advance in man’s demands in each. case. The civilised and. 
cultured man rejects with ec[u.al disdain the rude dishes 
which gratify the palate of the primitive savage and the 
explanations of the phenomena of the world which satisfy 
his mind. 

Such an advance would be quite inconceivable if each 
generation had to start anew at the beginning of things* 
It is only because men of our day can profit by the ex- 
periences of those who have preceded them that advance 
either in knowledge or in practical efficiency is possihle. 
This implies that the knowledge gained hy one can he 
communicated to others, so that human advance is in all 
its aspects a kind of co-operative movenaent. In other 
words, without the means of communication—in its 
broadest sense, language — man must have failed to improve 
the character of his life as surely as the lower animals 
have done. 

There is probably no need to demonstrate at length that 
man’s advance has not been an uninterrupted triumphal 
march. Every sane person is conscious of the truth of the 
old Latin proverb Mumanum est ermre.” We all fail 
I. n. 1 
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into errors— bott practical and tbeoretieal. Savage ma.n 
■vvhose_ interests are very directly practical, avoids deatli’ 
and disaster less surely than ive do with all the resources 
of medical science — that is, knowledge— at our disposal 
And savage man can do much less than we can to lean the 
forces of natm-e into bondage to his desires. The great 
ocean-liner is an immense advance on the dug-out canoe 
yet the ocean-liner at times meets with disaster. The 
express train rushing along the rails at sixty miles an hour 
IS stnkmg evidence of the extent to which man’s practical 
knowledge has advanced: that train hurling itself in 
colhsion upon pother, which is— but ought not to be— in 
the way, is an Hlustration of his liability to error. In how 
many human disasters is it not possible to find the explana- 
tion m _ Some one has blundered ” ? 

' Practical failures bring conviction home to all of us 
that we are not infallible. In matters of merely theoreti- 
cal knowledge we are’iutich more apt to regard our results 
not only as the last word which has been said on the sub- 
]ect, but as the last which can be said. Yet here, too a 
modest deineanour would be more becoming. Nor is suoli 
modesty at all inconsistent with justifiable pride in what 

^ atoady been a^mphshed. That certainly is much. 
we do know much about the operations of many of the 
forces of nature, pd we prove it by the skill and success 
with which we utilise them. But much is still unexplained 
^d the further we get from the forces we can use direct^ 
the more uncertpi are our steps. The unexpected discovery 
of radium dlustrates how scientific knowledge thought to 

totes'* *<"» ildeciS Ld 

any reason to suppose that the 

toought of this age is more final than that of earlier timT 
The path along wMch thought has advanced is strewn S 
the wreckage of discarded explanations, which in their dav 
SrSi^ r ®™^y/tablished,’that is as kmoS 

Iheir fate has aWs been due to the same cause— increase 
of Wledge. Whenever a fact, or class of f^ts neTto 

ZZ of tL nS of t£ 

^ world must find an appropriate place for it. 
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Tims in oiir day the theories of physics must undergo 
any modification that is needed to pve suclv a place to 
radium as will permit its qualities and powers to iit into 
the general scheme of things physical. So in the sixteenth 
and seventeenth centuries men had graduallr to readjust 
their thoughts of the relations of the heavenly bodies so as 
to include the continually increasing knowMge of the 
facts which the telescope was making possible, in tins 
ease the readjustment of the theory was fundamental— 
the earth was deposed from the position mens thoughts 
had for centuries assigned it, and was made but a minor 
satellite in a system whose centre was the sun. 

If we look at this striking historical instance we see 
that it was not the perceived facts which were proved to 
be other than men had thought : the sun, moon, O^d. 
stars were — and are — still seen to rise in tlie east and to 
set in the west. ITo, it was only man’s theory about tkeir 
appearance — liis explanation of bow they could be ex- 
plained — wliicli was overthrown, because it could not find 
room for the facts first known when the telescope brought 
into the range of perception facts which had hitherto been 
beyond it. In this case only two theories were possible ; if 
one were rejected the other must be accepted. And the 
heliocentric theory has been found to accommodate within 
its scope aU subsequent discoveries of pertinent facts. So 
we regard it as certain — ^that is, as established truth. 

It appears, then, that man seeks explanations, but that 
his explanations are subsequently discarded if they are 
found not to account for growing knowledge. This is to 
say that he regards consistency in the whole sphere of his 
knowledge as the one essential condition of sane thought. 
If the facts are so and so, then the explanation must fit 
them. For the facts constrain us. They are^ parts of the 
real world of things of which each one of us is also a part 
—and they are the parts which are most directly open to 
our experience. 

The explanations, however, are constructions, made by 
our own minds, of possible relations between things j and 
they may, or they may not, reproduce in thought the 
relations which really exist. The savage believes the 



- 


THE HATTTEE OF LOOIC. 


tempest to be raised by a spiritual enemy. We, equally 
■with Mm, accept the tempest as real, but -we rejeot his ex- 
planation of its origin as not in correspondence with the 
truth. And this rejection is based on fuller knowledge 
of natural occurrences than the savage has attained. To 
us many things are ' natural ’ because -we can explain 
them by relations of thing to tMng, which to the s^age 
are ‘supernatural’ because inexplicable by any known 
relations of natural tMngs. 

Human thought, then, accepts the facts of experience, 
and tries to explain them. The explanation always takes 
the form of fitting them into such a system that each one 
of them appears as the necessary result of the assumed 
relations of the others. Into such a system no contradic- 
tion can be admitted ; that immedia'fcely destroys it. The 
whole advance of science— t.e. of exact knowledge, no 
matter what the topic — is the building up in thought of 
mah systems. Each science has its own system. Chem- 
istry regards material things from one point of view 
physics from another. Yet they study the same objects' 
feo that thought must not only demand that chemistry 
be consistent with itself and physics with itself, but that 
chemistry and physics be consistent with each other- and 
so throughout. 

Our separate sciences, then, are all concerned with the 
same great system of things which we call the world or 

the univepe. But each deals with only one aspect of it 

t^^hat with one class of the forces which make it what it 
is. Because of the frailty of our intellects it must be so 
for no mmd is powerful enough to embrace more than one 
very small corn^ of existence. Each science works in 
its OTO artificially segregated domain, but in reality these 
doi^ms mterpenetete So if the sciences are together 
to explain that r^hty they must not only he actually in 
iWhotK. ^ so in their ownrelatfons 

It is plain however, that we are far indeed from this 

Swv'T universe is 

+L IS, as it were, working largely in 

the dark as to the beanng of its results on the genmal 


§ 2] OBIGIir AND PDNOTION ONn/WF- ^ ^\\ 

scheme of things. Surely we have 
proof that onr knowledge is W 
explanations, therefore, may need more\J^^^^^^ 
modification as that knowledge increases. 

So far we have spoken only of the ]mowlea|e-«r man- 
kind as a whole, aid we have seen that in 
growth it has had to reject some of its beliefs and adapt 
others by profound modifications to^ meet the 
ditions of thought due to increase of faow^ledge 0“®“- ® 
the most unexpected kind. But if all this is true of the 
combined search of men after truth, how much more is it 
true of the efforts of individual enquu-ers ? One need not 
go outside one’s memory of one’s own life to find plenty ot 
examples in which one’s own thought has been proved y 
subsequent experience to be wrong. HaTe we_ not Har- 
boured suspicions afterwards seen to be unjustmed . 
Have we not believed explanations which we now reject . 
Have we not discovered errors of thought m others . 
Have they not believed that they have found similar 

errors in ourselves ? . . i. 

There is no need to labour the point. Everyone who 
thlnVs at all knows that at times he thinks wrongly— that 
is, the system he constructs in his thoughts does not corre- , 
spond to the relations which hold in reality. His mstakes 
may or may not be found: out either by himself or by 
others. In matters of small moment many such errors 
never are discovered, for the time once past no more 
thought is given to the matter. If, however, furtliei 
knowledge in any forni is brought to bear, then any 
inconsistency may become manifest, and the fact of error 
is laid bare even though the exposure does not carry with 
it in all cases the power of rectification. 

2. Origin and rnnction of liogic.— The hability to 
error in thought naturally raises the question whether 
rules can be laid down by adherence to which such error 
can be avoided. Can we set forth a scheme by following 
which thought can advance safely^ and surely ? The idea 
is a tempting one, and for centuries men believed it to be 
realised. Unhappily in those very centui-ies men’s know- 
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SSiS tJiey Hved made little, if any, 

The reason is not fai- to seek. Such a universal] v 
applicable instrument of thought assumes of necessity 
that the vahdity of thought can be estimated apai-t from 

yvitmn the four corners of any given argument it cow b(» 

is consistent ivitli itself— 
whethei the conclusion is rightly drawn from the given 
memises. But it can go no further. And if we wish to 
know the world, or any part of the world, we need fm-thL 
to ask whether the premises are true, and if so whether 
thj are suflicient, and whether the conclusion agrees with 

a little artificial “system of 
, ™ itself and claiming validity merely 

because m these narrowest of bounds it does not contra^ 
^ct itself, but a system which is in relation to all other 
' of th<^t tod of existence and the validit^y 

of which must be judged as a whole by its relatitos to 

I£ S IS M, and M is P, then S is P’ is no doubt w 
no matter what S, M, and P may be held tfrenresent so 
(long as each remams uniform in its reference.^ But the 
essential questions remain— wlietlier S is # and M is 
wLetlier tliese two statements are all tlie knowlec^-^-e that 
we have pertinent to the case in hand ; and whether ‘ 9 k 
P IS true in fact, in just that form. ^ 

I +1 fractional io^ic, then, which claimed to lay down 
> the laws of pare thought-i.e. of thought considered bv 
^ its^ and regardless of the matter on which it was e\e/ 

It re complexity of reStv' 

».U !» I, .ppIi„tio.tfTl2 

live discussion went merriiv on ^h^^imenta- 

meat became largely TSioMl ^ 

result was much acuteness of thoughrarr cmsequmj 
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clearness of mental vision as to whall 

general statements— -a point in wliicliWi^p\odern 

apt to be, far inferior.'. But from “thesfea^^ature of, w 

conception of logic and of tboiiglit ^^^^s ^i^s.^^ ’^^ 

thrown back on themselves, and occupied 

their own thoughts regardless of their oiigin or oi then 

agreement with the real world. As a natural result the 

knowledge attained of mental processes was much moi e 

valuable than that which was gained of the external world. 

Yet this logic was not valueless, and it is subject of 
regret that the conviction of its inadequacy lias led to its 
general neglect. Men continually make errors in reasoning 
of the most elementary formal character, and their readers 
or hearers fail to detect them. Distinctions are ignored 
or dismissed as ** verbal quibbling ” which yet have a very 
real pertinence to the matter in hand. The general neglect 
of a study of the formal implications and relations of pro- 
positions has been accompanied by an appalling amount of 
inaccurate and careless reasoning, and by a slipshod habit 
of mind which is much to be regretted. 

With the growth of interest in the world of things and 
forces, the inadequacy of the formal logic of pure thought 
led to its being more and more despised. Bacon set him- 
self to substitute for it a new ** organon ’’ or instrument 
of thought, though his effort was not markedly successftil 
Indeed, the hour was not yet come. The mediaeval notion 
that logic is the art of thinking, and that its province is to 
dictate to mm how they should think, had first to be given 
up, for it rested on a false conception of the relation of 
theory to practice. 

The truth is that in every department of activity prac- 
tice comes first. We learn to do things before we attempt 
to discover the general principles that doing has involved. 
So men fell themselves, and saw other things fall, long 
before they hit upon the theory of gravitation as the 
principle unifying all those diverse facts. Just so men 
learned the new processes of thought practically in the 
very attempt to penetrate the hidden mysteries of things. 
They had to invent modes of ascertaining facts more 
exactly than by casual observation, and to utilise those 
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factB when found. Thoughts are at once processes ar .,1 
resets, and thoughts were what men were siting. Their 
mW wasin reachmg Wedge-that is. systems offeS 
and explanations by relation of fact to faU fhJl Lit 
B tmd the onslaught of new discoveries 
teed, and some they abandoned as unfruitfS OteXs 

^ere then, was the material for the new loffS Vi,. 
systematiser of real thought, not merel^ of ^ 
empty thought. It was not a little becaL^^ff m 
logicians stood aloof and declared that ^ ^ the old 
to say to the march of real Sowled^wSir*^® 
truth, as Hansel maintained— that h^ti nf « to 

the worse for logic.” “rimTwXn iX 

explanation, though he is still ofS^Sy 3 3® 
an exposition ‘logic’ On tl^a ^ such 

daylo^ioian is a Such 333 Present- 

eaarly Victorian predecessor person than was his 

advice of bnoSgrrd n3 ^ the 

it the way it Vh3 Xo to dictate to 

science he learns, in the word^^X workers in 

“kowto testproX“o3 s3l ^®ton, 

of iuduction,3|33t 13"®, soundness 
hypothesis and anaiogy.” employ with safety 

that by aXlysis a^Ij(mmr3**of^ agreement 

cessful thought theremarX w ^ I*'®®®® suc- 

principles, tSough, 53se 3 ^ 
under various forms accordino-^ + ®'^® 

thought about. The kS of evll.° matter 

a ^th m history is different fmnf +t I establisli 
hsh one in ph/sics ,3 3 ®®tab- 

adequate, and from examin^*^ ®®“® ''’ay be 

i-elation of evidence to eondSs£nXhe““3‘''' *^® 
wnciusion the general conditions 
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of adequacy may be ascertained. The systematisation of 
stich principles of validity in thought yields the science 

I of liogie, which may, indeed, be defined as the science of 
tie principles of valid thought. 

S. Relation of Xiogic to other Knowledge- — Shall we 
say, then, that the province of logic is a wide or a limited 
one? It is wide surely in the sense that it is interested 
in all thought and so embraces ail the sciences. But it 
is limited in its power to express adequately the grounds 
of men’s conclusions. It can say that if such and such 
evidence be true and be all that is pertinent, then such 
and such a conclusion is justified or unjustified. But 
whether the particular evidence is true and is ade<quate 
logic cannot pronounce. That is the domain of the parti- 
cular branch of knowledge to which the case most de- 
finitely belongs. 

Is, then, logic of only theoretical interest ? Probably it 
is true to say that that is its chief attraction to most 
people who study it, just as in geometry the demonstration 
of necessary relations of space is essentially the scientific 
interest. ^ But as the theory of geometry is derived from 
exan^ation of actual space relations, it may be consciously 
‘h> new cases, and may be used critically to judge 
the value of new space-constructions. And the same is 
true of logic, Por as logic results from analysis of actual 
thought — and not otherwise — ^it is evident that men both 
can and do think without any conscious use of logic, and 
certainly without any preliminary study of it. Some think 
well, some ill. Or perh aps it would be truer to say, all think 
sometimes well, sometimes ill, though the proportions of 
the " sometimes ’ are different with different people. Logic 
is derived from thought about thought, just as botany is 
derived from thought about plants. So logic could no 
more originate thought than botany could originate plants. 
In each case that is putting the cart before the horse.” 
^d : in -the same sense in which botany may be said to be 
inherent in plants logic may be said to be inherent in 
thought. 

We grant then that the study of logic is not a pre- 
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other^^^arXments^tiev^do*^^^^^ e criticise each 

nS to p'«'l4teSn c£ 

Welf to ,b Jt J‘«nce when he sets 

of loo'ic/^Vut ^ practical value to the study 

claiming too much for^it^* ^ ioy 

suffered from its fris in toeitir®®®? 

It from such damaS supSrff ’,W 7^ 

assert frankly and ul-eLvefFwt^f So we 



Tie clear apmSrofth^^^^^ 

thought helps to for^^ of tie conditions of validity of 
derelop a Zl s^nffl “““d and to 

iuoessaaife platform tsha^r^,n«r iif® with its 

the application of this power occasions for 

seized it gi-ows in strength aii(i • opportunities are 
ie added that the ?'' efficiency, and it may 

effective it is works the more 

weU to work specSwdse3-s^^^^^^^^ ^o 

^Thi?1 ®?PO™poes oflife. ^ 

logic itself. Peopte^oft^^TO'^\ against the abuse of 
J»anj arguments as ‘‘mere <iismiss 

cases that is only foUowine the fl/i' a ^oubt in many 
case behind abuse ofTR^rSTt 
always. It is often felt ^ attorney. But not 

optional in itself, does aJtlnS thfrT^*’. unes- 

case; in other words that to reqnuements of the 

ftisis tiie case- 
forwardl.'^^fiveT} 

of himian life a jg seld^ S'^airs 

explicitly set forth. -Wby dol^^ evidence can be 

“> p"b.b,, 
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scious that from oiir relations with Mm there has Been 
derived a great mass of anfaTOurahle impressions which 
have never become snfficientlj definite to he formulated in 
words. And it is only with thoughts that can he expressed 
in words that logic can deal. This is evident when it is 
remembered that logic must be general, and can therefore 
only be based on recorded thoughts. 

A little considera will convince the reader that 
though words do express thoughts they do so more or less 
inadequately. In fact many things we cannot express, 
and when we do resort to expressions in speech, tone of 
voice, gesture, circumstances in which we speak, all add a 
colour of meaning wliich the mere naked words cannot con- 
vey, ^ It follows that logical thought is most successful in 
dealing with matters into which the element of personal 
feeling does not appreciably enter. So it is that the con- 
clusions of the physicist and the chemist meet with more 
universal acceptance than do those of the historian and tlie 
economist. 

Perhaps it is true to say that the chief obvious practical 
use of logic is the negative one of detecting error. Though 
negative this is of the first impoi’tance, for to clear away 
error is the essential first step in the advance towards truth. 

With a perfect and universal knowledge, logic, in a 
sense, would indeed be the universal science. With know- 
ledge in its present fragmentary condition, it must partly 
accept its data from outside itself — as, indeed, all tke 
sciences have to do. But with all branches of knowledge 
logic has a general connexion. With those which inves- 
tiga.te the processes of men’s minds and the modes of 
man’s expression in speech — Le, with psychology and 
grammar — the relation is more intimate. Tet in neither 
case does logic merge in the other, or the other mer^'e 
in it. Psychology deals with the actual ways in which 
men think, whether ill or well. Logic is ideal in that it 
concerns itself directly only with valid thought, and with 
invalid thought only indirectly and with the object of 
making clear how smd why it is invalid. A yet more im- 
portant distinction is that psychology deals with thought 
as part of tlie life process of individuals: logic is not 
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concerned with in^vidnals at aE; it looks at thought 
m qmte a detached and impersonal way. ISTor can loiric 
consider— as psychology is bound to do— how the thoughts 
of actual men and women are determined by other con- 
siderations than those of reason. There is no more call to 
X5strj!^° psychology than to confuse physics and 

^o™er.f?siders speech only indirectly as 
a vehicle of thought: it is concerned with meanings only 
and demands that those meanings shel l have a cerfnni 
amount of definiteness and stabiir^. mSus of woS 
aie of interest only as affecting meaning. Q-rammar on 

It^eSStW’ N® concerned with meaniAgs. 

Xt explicitly deals with the relations of words. So that 

what IS primary in logic is secondary in grammar and 
^at « secon^ in logic is primaij Tn KX’ It 
foEows that the distinctions. of gramLr live ^ecef 
^ wnnexion with those of logif nor those of lo^c mom 
than an mdirect and subordinate bearing on granmaT 
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THE LAWS OF 

1. General Character of the Laws.— 

TJiou^M^ Eequlatw^FHflSi^ of TEouahtTor Postulates of , 
Knom^ge are tliose fundamentaL necessary, format Si | 
’ ""‘^priori mental laws in agreement with which all valLd ^ 
" lEouSEFmust be carried on. V They are d ^non, that is. tl^y 
are™ Sum all the processes of reason exercised upon 

the facts of the real world. They are formal : ^pn_as^ - # 
\ ^Iyed in all thinkin,^, they cahuot b^. themself I 

me'’''deBhite properties of any particidar class of things . I 
necessary j for no one can either conceive them 
reversed or knowingly violate them, because no one ever 
accepts a contradiction which presents itself to his mind as 
such. . I 

It is true that fallacious reasoning is common enough, | 
but this springs from' a misapprehension of meaning, or1 
from a confused use of terms, for which the ambiguities of | 
language give abundant scope. Especially in long and | 
involved reasonings, the force of terms is often uncon- 
sciously modified, and even entirely changed, or inconsistent 
judgments are accepted, with the result of invalidating the 
argument ; but, at no stage of the process does the reasoner 
consciously accept a contradiction. 

As always operative in thought, the Laws of Thought 
are laws in the scientific sense of uniformities; when 
applied practically to govern and test arguments, they 
are laws in that other sense of the word in which we speak 
of laws of the land. They are Postulates of Knowledge 
because they are involved in all attempts at interpreting 
experience, that is, they are assumptions without which 
thought cannot even begin the work of reducing to order 

IS 
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1 . ative -judg ment. 

3. The Principle of Contradiction. — ^This Principle, 
which would he better named The Principle of non- 
contradiction, is most simply expressed by the formula 
A cannot hoik be B and not he B * 

I Qa.. thia tngAther with that of I dentit y, is based 

all imme diate in f erence froni affirm ativ^proj^!^^^ 
denies that the same thing can, at the same time, both possess 
a certain attribute and not possess it ; and, as thought 
must be self-consistent,,that we can conceive a thing as at 
once both possessing and not possessing the jam© attribute. 
The same statement cannot be, nor can we conceive it as 
being, at the same time both true and untrue ; nor can the 
same thing at once be strong and yet not be strong. Dif- 
feren t p a rts of t he same object may, of course, possess in- * 
cmnpatifl2.att5I>utes ; one^d of a Imr o^ may be 1 
I hot and the other, in common^parlance, cold, but the MWi>& r 
I end cannot at" once bdth^e hd^ and bejho.t^^^^ same 
I person: and our, pro p osit io ns must refer to the sam0^.eB.d. ' 
’ as otherwise, not being made of identically the^ same 
subject7tEey" WuTdna6t^ of each other. 

Similarly, the same end of the bar may at one time be hot, 
and, at another time not be hot ; but there would foe no 
contradiction in asserting this, for judgments referring to 
the same subject at different times are not the same 


^ A Judgment does not change with time, but once true is 
‘ refer Ja Mmtifi^y.the 

#me;. they must assert inco mpatible attributes a s etanlipg 
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iftjjie, same, relation, including that of time, to the same 
snhjftSt. Of course, lliere must be perfect s a iuATiess of 
sense both in the single terms of the contradictory proposi- 
tions and in their affirmation and negation ; the proposi- 
tions must be contradictories not merely apparently and in 
words but in reality and meaning. 

4. The Principle of Excluded Middle The Prin- 

ciple of Excluded Middle between two contradictory iudo'- 
mente is most clearly expressed by saying A eitk&r is, or% 

This principle of fought has been questioned, and even 
denied, by wnters who have confounded contradiction with 
other forms of mwmpatibility, especiaUy contrariety, as 
e.g. hot and cold, happy and miserable. But, while con 

divergence, con- 


— - xutjre are, oi course, nianv 

wSrS otgrey between the contrary attributes^ 

xnany varying degrees of warmth 


between the wntrarh® hot and cold. There are, then 
m^y altematiTes Wes the propositions. This paper k 
white-this pai^r is black. This water is hot-thKmr 
IS cold. But there is no third alternative whatever be- 
tween the contradictory assertions, This paper is white— 

nofThot^'' '' hot-lthis water is 

It has been urged, as proof that contradiction is not 
thus exlmustive, that there is a mean between pZ J and 
m. sew, but here again, we have contiis S 
cont^ctones A mathematical quantity must eiSr ^ 
imsitive, or not be positive; and, if the latter, it maT be 
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those whose predicates are contradictories ; M k p easy to,^ 

male the negation, ^ should only dent f^trict agree- ^ 
nient in all points, imply a thorongh-goiiM^I complete J 
divergence. If a man is declared not certain/ 

crime people are inclined, thereupon, to ‘ 
perfect innocence j whereas there may 
degree of approximation to full guilt which yet 
of it. The denial of guEt as accusation puts it lesLves 
open the possibility of some less degree of guilt ; in many 
cases, further enquiry is invited rather than barred. 

The Axiom of Excluded Middle is necessary, in addition 
to those of Identity and Contradiction, to form a basis 
for some forms of immediate and mediate inference. It 
expresses that our power of thought is limited in that we 
cannot help accepting one or other of two really con- 
tradictory statements. 

Of course, the same limitation to a definite point of time 
holds here as in the Principle of Contradiction. So, by 
the Principle of Contradiction we are forbidden to think 
: that two contradictory attributes can be together present in 
* the same subject ; by that of Excluded Middle we are for- 
bidden to think they can both be, at once, absent; but no 
: help is given us to decide which must be present and which 
absent. 

Prom the point of view of language the three principles 
above discussed may be summed up by saying that when- 
ever we use a term we must be understood to use it in its 
full meaning both (1) positively and (2) negatively, and 
(3) it must either be given or denied to everything what- 
ever. That is, the use of a term asserts all the attributes 
it implies, and denies all others which are incompatible 
with those; and everything must either possess all those 
attributes or be without some, or all, of them. 

5. The Principle ' of Sufficient Reason. — The Prin- 
ciple of Sufficient Reason may be expressed in the words 
of Leibniz, who first distinctly formulated it : — Whatever 
easists or is true must have a sufficient reason ivhy the thing\ 
or proposition should he as it is and not otherwise 
1 Gf. §§31-39. 
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-d a« by „■ s^*x:;?cls "£L“'ir“> 

to explam the former and to acoount fA,.^v 
the natural world. TbjI it do^fJf «“™ces 
of conditions produces the eve-nf J wliat body 

«Md»i i. aSJi “L?“ ■!“«» ‘'■« 

“? 1» jusMed in othnt »»vf Vor'!S™i‘‘ 

I find the gi’ound covered with snow Z li example, if 
it has been snowing during the nieht “oming, I say 
statement is the nresence^of reason for niy 

effect of the pffirSu2ti?n T7» 

jbiSib^ “ ^ 
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L Analysis of a Proposition,— Tlie simplest element 
of tlioiiglit is the judgment, and tie verbal expression 
of a judgment is a proposition. When a proposition is 
expressed in its perfect logical form it is seen to consist 
of three parts — 

(a) Something of wliicli the assertion is made, called 

the Subject. 

(b) Something aiHrmed or denied of the subject, called 

the Predicate. 

(c) The verb 15, either alone or accompanied by 

by means of which the assertion is made, called 

the Go^pula. 

Tlie Subject and Predicate are called the Terms 

(from Lat. ternimus, or boundary) of the Proposition- 
They are the verbal representatives of the things, and of 
our concepts of them, between which the judgment affirms 
a relation. Both, therefore, must be names of objects 
or of attributes, blames may consist of a single word, as 
*hoi’se,' * London,' or of a combination of several words, 
as ' The First Lord of the Treasury,' ' The House of 
Ooniinoiis.' Logic considers names only as actual or 
possible terms of a proposition. 

^2. Table of Divisions of Terms. — Terms may ■ be ^ 
divided in various ways according to the point of view 
from which we regard them. The following Table sets 
forth these different divisions, and the principle upon 
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wMch each is^ founded. Of course, each group is ex- 
independent; every terni^lnust fair under 
one or other of the memhers of each. It may he remai-ked 
I that '(i), (ii), and (iii) are the only divisions which are 
I logically important, for they alone are founded on loi^ical 
! considerations. 

V'^' (i) Individual and General — as names of individuals 
or of members of classes. 

(ii) Connoiatiye and Non-connotaiwe — as names cap- 
able or incapable of definition. 

^ (iii) Positive and Negative — as names implying the 
presence or the absence of some quality. 

(iv) Concrete and Abstract — as names of objects or of 

attributes and relations. 

(v) Absolute and Relative — as names implying or not 

^ mutual determination of meaning. 

4 father ^vision into Unhocd and Mvocal terns is 
sometimes made. But this is entii-elyf mattei of Tan! 
guage. Whmiever the same word serves as name for two 
OT more distinct classes of things— as, e.g., sleeper, which 
may mean either an individual asleep or the support 
?frt, railroad— we have logically a plurality of 

terns, for the word in each of its meanigs is “SnS 

a- distinct and separate 

General Terms.— (i) An Indi- 
affirmed in the 

. seMe of oiay one single thing. 

* ’ ^ same sense of only 

name, nonesty denotes only one quality thoup'h if Tnair 

tH- ^ posressed by many mdividualsj^this^boolc ’ k limited 
"n- t!.:™ “?8>« and o,ty b. 

• i < S™™r“ P*rti(iulai book tie .peako/ i, 

areaJl:Bm^:;rSduaKj''* 

.'.rfilff iMIi] : : 
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But an examination of these and Ui^i|ar exampl^^W 
show that, though they are all andiTidua!i||^ 

they differ from each other in that, wl% mn^oMl^n^u 
us of some quality possessed hy the ta^_^h^'^^ote, 
others do not. Of the latter kind are Ifeaesty ana 
^ London.’ Sucli terms as honesty will be discussed nnaer 
the head of A.bstract derms. ^ ^ 

(a) * London’ belongs to that subdivision of Singular 
Terms called Frox>er JS^aincs, which may be thus^ defined— 
/" A Proper Hame is an arbitrary verbal sign whose 
sole function is to indicate an individual object. 

It may be thought that such names tell us a great deal 
about individuals; that ^London,’ for instance, tells us 
that the object spoken of is a large city, situated on the 
Thames, the Capital of the British Empire, and many 
other particulars about it with which we may happen to 
he acquainted ; but this is to confuse our knowledge of 
the thing, obtained from all kinds of sources, with^ the 
meaning implied by the name. The wofd * London in- 
1 forms us of none of these things ; it may suggest them by 
! association of ideas, in the same way as hearing a song 
j which we have heard before may suggest the room in 
^%hich we first heard it or the person who then sang it; 
but ‘ London ’ no more means these suggested particulars 
than the melody of the song means a place or person. 

Care must then be taken to distinguish between Jmpli- 
cation ' and suggestion. 'gu^stidii«iK.:.ptifery - a' psycho- 
logical fact. Logically, the . point is, that a proper name 
is not given as implying a certain meaning, that is, on 
account of the possession of certain attributes, but as a 
mark" of f^omition.'"" 

The facV that more than one object may receive the 
same Proper Name does not disprove the assertion that all 
such names are singular or individual, thousands of 
men may be named Brown, and the same name may he 
borne by many dogs, horses, and other things ; for instance, 
a town could be named Brown as appropriately as "Wash- 
ington, Gladstone, or Peel, all of which names are thus 
employed. But the name is giyein-.-i0 no two of these 
objects in the same sense. As it is simply a mark of 
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fiaeuti&nfion, it d<MS not matter logicallv to liow manv 
_ people or things it is applied. 

,, Terms. Proper ISTames am 

the sir^^^smgular of IMmdual terms^ te 

dividual things we inaj wish to refer to are too numerous 
for us to give each of them a Proper ISTame of 
and, sometimes, when a Proper Fame has been ffiren^-7? ’ 
unbnoira to us. We are, therefore, often driveif to ooo ^ 
General Fame with a limiting word to m7lJ ? o 
applicability to only one object <lefinite its 

. sji:apl6s|, ineans of doingr tliis is tn o 

determinate sense, to only one obiect n^'ri 

therefore, singular Fo doubt b 7:. 

river has a Proper Fame of if «’ nw latter case, the 

very familiar objects we often use Iu4^7 
Fame in preference to the Proper Name 
Ag0<I^,„,TO.l}aa)J,^^se , a many- worded nmno . 

our only means of indicating Stely “btcf to® f- f 
we wish to refer, as its iPmoo,- Tcra.^ ^ lae opject to which 
thiii, if we’s^S 

Compass/ *The writer of t . Manners 

a. i™ ar„t; " . 

m our power of designating the person wt m^//^ 

garded from a point of ytew iLif!^ • ^ Commons.’ Ee- 
> name can only refer to one 

fore, individual. Had we is, there- 

House of Common’ the ‘Header of the 

singular, but general ■ for it could fl°^^*u 
. . same sense to many individual?^ fpl H “ the 

^ present’ limite ite SwiA ^ f ®S^iag ‘The’ oi 
.. . ourselves to one point of Sl ^^^trict 


. ^ - -e restriS 

4 it m the office, not the iuSuS IhrSw 
s’tnply ^ a. man, to which Pgarded 


^^uumeit really implies..! . 
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§ 3] INDITIlDirAL AND (GENERAL TERMS/ 

It is evicleiit that singular names of this second land 
have meaning; they are significant - — for they not onljj 
point out one member of a wider class, hut, at the same j 
time, infonii us that it does belong to that class, and has 
at least one attribute which marks it out from every other 
inemher of the class. In short they are from the point of 
view of meaning Yerj like class-names, but the class cant 
contain only that one member, 

(ii) General, Term., is 

wliicli can be applied i|jL,idi&jsaimc^ to each 
ail indefinite number of tMngsj as book, man, dog. ,■ ■ ■ 

Subjectively considered, a General Term is the verbal 
sign of a General Notion or Concept. A Proper Name 
indicates an individual directly, but a General Name does 
so indirectly, for such a name is given because the indivi- 
duals to which it is applied, and fr6in_ an examination of 
which the concept is formed, possess"" some attribute or 
attributes in common. The name, then, implies the 
possession of certain common qualities by every indi- 
vidual object which bears it, and, thus, has a meaning 
in, itself. This likeness constitutes the similar objects 
a: class, and, hence, a General Term is often called a Glass 
Term. 

Itis shaidd 

be reallg a ppl icable to a p feaHty o| q bjqpts. pr ind Bedto 
any real physical obj;ect'4lJ3IT!^li fcmit^ta be 
^ienfiallg thus ftp,plicable.f that is, for it to represent 
a possibly real, or even an absolutdy imaginary, class of 
things, because of their possession of some common quality 
or qualities. Por instance, ‘ Conqueror of England,’ 
‘Emperor of Switzerland,’ and ‘Centaur’ are true 
General Terms ; though the first is applied to only 

one historical individual— William I., and the second is 
not applicable to any individual at all in the present or in 
the past, though both may, conceivably, have an actual 
application in the future ; whilst the third is tbe name of 
a purely imaginary being. ■ ' 

It is this potentiality of application to a class which dis- 
tinguishes General Terms from the second class of Singular 
Terms for the latter, though they are significant — ^that is, 
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have implieation-i-are 
more than one individual. ^Thtjj 
between Individual and General 
must be one or the other. 

Hanies are ouiutstumes rreated as « aamn 4 . 

Jpymon of terms,, co-ordinate witli Sino'ukr and 
bsttbis IS not desirable; for, as has Wn f General, 
must, of necessity, lb either singular or general ' 

Terms are found in"^ch elasf, Zd 
opposition between them on the oua Tion/i * a 
MW 0, 

•*. . ®®^®otive Ifame is one ffiven +a a « 

sinular units. Jt thus imphes f Saut fn 

an army, a flock, a Hbrary. No groupS^v f 

^receive a CoUective Name unlesr4e tSenrt 

Bb^ rf boot,, , moMoS, J >bjit?3i,to J w?*"”', ; 

nnd no use for a name dennfir,^ « mT}erest. We could 
of ships, partlj of books and composed partly 

fortuitous concourse of hetero^enpmTQ other 

such. lp.doubt TO do at times class to^tf simply as 
#J6(?t8, as when we speak of the ‘contentSf 
shop or museum. But the force of the fvn 
then smaU, for its only implied is 

Question are artificially brought objects iu 

l^se. :^yJ^Te in thlmselve? ^ a ^ ^ Ps^icular 
The greater 4xq common bond nature. 

OoDective Name. TTcoZa. n i® tbe 

f ^?^YoT^Mimpo‘ssi6re!^- found a 

' a few instances fdi^d cH^°* Proper Names, but 

Wmes, in which' thw sie among geogmphical 

Pyrenees, ffie 'Hiffi^Tas -^Ps. the 

Nmes, for they imply no ai-A«ATrt *™® ^’'■®Pei’ 

:ob]^s to which they^ are IppSf f?® of natvLl 

f»f‘.»W,OoPe»KTO iw 


not applicable, even pc 
1. There is thus a: 
Terms, and 

are sometimes treated - 
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liffiited-^iiL tlie way illustrated in (i) seciiou^^^ 

to. one particular ■■ instance . of tlie 
becomes a Significant Individual^ 
speak of ‘ Tbe German Navy,’ * The 
* The Bodleian Library,’ ‘ The British Museffiv * Tlie 
French army which fought at Waterloo.’ 

Without such limiting words a Collective Term is general : 
with regard to the class of which it denotes a member, M 
well as collective in respect of the units^ of which the grottp 
is composed. Thus *navy ’ is collective as regards the 
ships which form it, hut general, as denoting a member 
of the class ‘navies’; ‘alphabet’ collective as indicating 
a group of letters, general as the name of a member 
of the class ‘alphabets.’ We have as true concepts, in 
fact, of navy a^d alphabet as we have of ship and letter, 
and the form^’ terms imply attributes equally with the 
latter. 

The group denoted by a Collective Term may even itself 
be a unit in a larger group which bears a collective name 
of wider generahty r a series of terms, 

each,. except the first, collective as regards the preceding 
one,..and each, except the last in generality, forming a con- 
stituent of iihe group denoted by the following one: e.g. 
soldier,, company,, regiment.brigadc,. army. 

Tims the term Collective is relative in^itt^meaning. At 
the same tiihe, a General TPerm, wEciniaken by itself is 
not collective, may, if in the plural number, be used in a 




severa l.. JSna .’ The true antithesis is, therefore, noffhe* 
tween Collective and General Terms, but between the 
Collective and Bistribntive Use of Terms. — When 
we use a term collectively our assertion will only apply to 
the group as a whole; when we use it distributiveiy we 
assert something about each member of the group in- 
dividually. Thus, if we say ‘ Half the fleet was lost in 
a storm,’ ‘The regiment was decimated by fever,’ ^All 
the novels of Thackeray would fill a small bookcase,’ ‘ The 
books filled six large boxes,’ we are evidently using the 
terms which form the subjects of our propositions, whether 
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:tiey are ‘CoUedtite’ or ‘General’ i„ , j- 

*and, equally clearly, if we “’n « flLt sense; 

■ army^d i all diVeSils ’ ^AIiTL ^ separated,’ ‘Tlie 

are nsmg the terms distributiyely. The full 

■ ^erds is seen to depend^ thfcoutLt! 

4 Couuotative and ITou-coimotative Terms, 
terns 

one or more object but ^Sl^w ta to 

another fundamental distinction ^ Tf ^ 
white an individual name may be a mem^nt°r“ 
implying no attribute, all names ^ 

to a plurality of obiects ^ applicable 

imply some attribute or attributes significant, and 
by those objects. This i common 

^rely indi^tive names and 

, ««-«»«“•“-. "hic?4, ZX:.S:s; 

notes a thiag?° °“® which merely de- 

anyti'^hXin^po/J'sT S ttt 

aMnhute we include all that hoi ^'^t^bute ; while under 
the outward marS W wKch STi <>% 

sp, colour, weight, etI-W Jj ^ovm— as its shape, 

tmns whatsoever. Thus ai£i>* and rela- 

, w^hing of which we cL ’ « in logic 

• Whether it is a ‘ thins ’ in ti ™telligibte statement 
' object we can perceive bith? oolloqnial sense of an 
wish or desire,^nSiL*^®4^«®«’ ^pic of thought, a 
- talk about it we may call it a ‘tv^^ think and 

, :■ whatever we may t£Slv af ‘ °l>ioot,’ and 
lis attribute. . . ‘ ^omuy speak of as 
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§ 4 ] OONlSrOTATIVE AND NON-^CONNOTATIYE TERMS. 

applicaMe to„rrj;5ei4aiu.tM3igs^ tliose tilings 

agree in possessing some attribute, or. attributes, in coin- 
inon ; iu* fact, it is Ilia poss©ssi<m-o£.tbese attributes wliicli 
entitles aiij particukr thing, to_bear .tlie nan^^^ Tims, if 
we use tlie name * horse,* we not only refer to an indefinite 
number of animals which are so styled, but we imply that 
they all agree in possessing certain well-defined charac- 
teristics ; we should, without hesitation, call a horse any 
new animal brought under our notice which, possessed 
tliose attributes. 

All those Collective IsTames which are not Proper Karnes 
are also connotative, for they are general when viewed as 
members of a class; for instance,. A®^yJ„ W 
attributes, of being composed of sohiiers, arnied^ traiijed, 
and maintained for wai^iike purposes, as.welLaa denotes 
each collection of men which possesses these attributes. 

When any General Kame, whether Collective or not, is 
restricted in its application by some limiting w^ord or 
phrase, of course its implication is not lost. Indeed, it 
is increased, and thus we have the class of Significant 
Individual Karnes, which, though they denote ^only one • 
object, yet imply the possession of many attributes by 
that one object. Thus, if we speak of ‘ a mountain ’ we 
imply the attributes * height * and ^ composition of rock ’ ; 
if we add * in Asia,’ we increase the number of character- 
istics, though we limit the number of things to which tlie 
name applies; by adding ‘high’ we carry both these 
processes a step further; and if, finally, we make the 
term singular, and speak of ‘The highest mountain in 
Asia,’ we, manifestly, retain all the attributes previously 
implied, and add to them uniqueness. All these attri- 
butes are implied by the name, and anybody using the 
name must be supposed to intend to convey tliein to his 
.hearers. , ... 

■^ith .Proper, Karnes, as. ..we saw, itjs not „ so. They 
indicate individuals, but do not imply any of tlieir quali- 
ties. Ko doubt many. Proper. .Karnes .were,^ originally 
significant, and implied attributes. Thus, ..‘.Avon’ in old 
English meant wniter;. ‘Jacah* meant.. a su.pplanter; 

‘ Smith or ‘Butcher,’ one who. follawei « wtain trade. 
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But to deduce connotation from this j 

^*2 s^ir'r "f “ 

at any rate, its true function is mPvoT^ + 

ssr “ * •“ ” i 

MimUTdj-^'Srwi]^™ "'f “ie: 

Names arenon^connotatiTe ’ Proper 

The only class of names which rpmair, 4 -^ u 
tins connexion is that of Abstract^a examined in 

more couTenient to Dostnonp* ^* ^ 1^ 

nature of those terms ^ consideration of the 

All the atWh,,f j- , 

iniude a/tbosSiehTre^comSfo*-U 

a„SlassAanQte,d by a aeniral^rrJ! ? 

P°^^eskm of which' on 

^ btte, toS,SS2 rfl- r™ " “» “w- 

the name, whether these atSbutes is 

bare many logical inconveniZjs ^oown or not, would 
notation from definition Ind ^t divorce con- 

. not of knowledge, but entirfw^®v“??^*®“ ®' matter, 

* itiB only with sl4 eSSL and 


* 4 I U 

* > ^ ^ i ' 
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regarded, as^ essential ; for mstance / . animal I 


cliewed tke end ■would be regarded i^uminant, 
tbongb it did not agree with most wminant^pi^ 

'possessing, cloTen feet. Tbe name can^<:^r5'tt^6f<^^>,M0 
said, strictly speaking, to imply tbe 
'attribute. , ■ ; ■ ^ , 

Again, some attributes are ^derijatiye^^ to 
Thus, that an eqmlateral 'fcrian^e is eg^uiangm^ 
attribute derivable from those primary ones which. ■££0 
name directly implies. It, is , most ^ convenient, however, 
not to regard such attributes as forming part of the con- 
notation, as that would be to confuse primary with se- 
condary implication. 

It must be granted that the limits of connotation are 
conventional. But it is essential that terms should have 
as fixed and definite a value as possible at any given time. 
This value is not determined by the knowledge of anj 
particular person of the qualities common to the class, but 
by agreement between competent students of the particular 
subject. 

(hi) Bifficulties of assigning Connotation.— This, 
however, is somewhat vague and promotes occasion for 
dispute; Such disputes deal with what ought to be de- 
manded of an object before the class-name is given to it, or, 
in other words, before it is recognised as that particular kind 
of thing. In a sense they are verbal, as they are occupied 
with the right use of words. But in a yet deeper sense 
they are much more: for such right use depends on 
accurate knowledge of reality. Ultimately... agieeMPt, is 
reached^ and th expressed in, that form of. brief 

statement we know as a definition. So we are all quite 
clear as to the connotation of ‘ square,' * triangle ’ ; many 
botanists are equally clear as to the implication of the 
names of many classes of plants. But there are many termsi 
about .which agreement has not yet been reached, As "ffie\ 
de,cisipn of connotatiiQU thus Vests ‘on growing^, knowledge, | 


it is plain, that at all. times "die^connota^^^ of terms must i 

te-flul^ecito.revisioa j 


(iv) Benotatioa of Terms. — Evidently significant 
names may be viewed in two lights — ^their impiied mean- 
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tlieiiiselves would warrant, and tliat such, propositions are 
onlj intended to apply witlxin this limited sphere, This 
sphere is called the Universe of Bisconrse, ' ■ - , ■ " • 

(v) delation Tbetween Connotation and Benotation, 
—As coniiotation implies attributes, and denotation refers 
to the individual objects which possess those attributes, 
and which usually form various suh-classes, it is evident 
that, as a general rule, an increase in either will cause 
a decrease in the other. As we augment the number of 
attributes implied by a name we diminish the number of 
things to which thafc name is applicable, for we exclude 
some of the sub-classes ; there are, for instance, fewer white 
horses than horses. Conversely, if we wish to include 
under a name a group of things not before included under 
it, and so to enlarge the borders of the class which the 
term denotes, we can, usually, do so only by removing from 
the implication of the name those attributes which before 
marked the difference between the two classes, or, in other 
words, bj decreasing its connotation. 

For instance, if we unite the classes, ‘ white men* %ncl 
‘not-wliite men’ we must omit from the connotation of 
the common term all specification of colour ; similarly, if 
we wdsh to include both sailing-ships and steam-ships 
under one common name, we must omit the points of 
difference, ‘sailing’ and ‘steam,’ and retain only tlie 
term ‘ ship,’ which will be applicable to all the members 
of both classes but which implies less than the separate 
. name of either. In short, generally speaking, the less a 
name implies, the more groups of things it is applicable 
;to, and tlie more it implies the narrower is its range of 
application. It Wiis shown in contrasting Significant 
Individual ^ Na.mes with Proper Names how the con- 
tinued addition of attributes increases the connotation 
and decreases the denotation of a term, till at length 
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certainly , do not intend the term 
i)! its full extent so as to embrace 

wurldj we probably refer, and are.nn^Pl^d^o-refeT^^^a 
very few persons. It, is 'important, tB^mo^, tfew^ in 
mind that terms are continually joined tog^®®^Sri?o pro- 
positions in a sense narrower than the words taken by 
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would be HO ratio maiiitairied hx the variation of fha f 

iif + j! some attributes much more tlnn K,r 

that of others; thus, to add ‘white’ to ^ L,iT H 

i^th^ lieiiotation nearly bo macli aa to add ‘ red-haiied ’ 

ss.“ rr 
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§ 5] POSITIVE AKD NEOATXTE TERMS, 8S 

It is, perliaps, scarcely necessary to point out tliat the 
idea of an opposite variatw^ of connotation and denota- 
tion is only applicable to classes which can be arranged 
in a series of varying generality, so that each smaller 
class forms a part of the next toger ; such as, figure, 
plane-figure, plane-rectilineal-figure, plane-triangle, plane- 
isosceles -triangle, plane-right-angled-isosceles-triangle ; 
vehicle, carriage, railway-carriage, saloon-railway-carriage, 
first-class-saloon-railway-carriage, first-class-dining-saloon- 
railway-carriage. It would be absurd to say that an 
increase or decrease in the number of members of any one 
class affects the connotation of the class name ; that, for 
instance, the birth of every baby must decrease the number 
of attributes implied by the term ‘ human being,’ and that 
the death of each man, woman, and child, must increase 
that number. It is only when we add an attribute not 
common to the whole class that we exclude some members 
of the class from participation in the class name and so 
decrease the denotation ; or when we introduce into a 
class some things not possessing all the attributes con- 
noted by the class name, that we have to omit part of 
its meaning, that it may cover the whole of this more 
extended class; and thus we decrease the connotation. 
In short, increase of connotation decreases denotation 
by excluding a whole sub-class ; , increase of denotation 
affects connotation only when the Increase is by the ad- 
dition of a group before excluded, and which now becomes 
a snb-group under the term the meaning of which must 
be widened to include it. 

The terns Intension instead of Connotation, and Ex- 
tension instead of Denotation, are used by many logicians. 

^ 5. ^Positiir© aiid IM'egative Terms. — ^The formal dis- ^ 
tinctionof Terms into Positive and Negative is a particular I 
case of the Incompatibility of Terms. All Terms whatever | 
which imply attributes which cannot eo-^exist in the same • 
subject are incompatible. This incompatibility may be 
expressed either by Contradictory or by Contrary Terms. 
The division into Positive and Negative is the formally 
logical means of marking the first of these. 

I. L. Q 
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TERMS. 




I (i) Contradiction— For two terms to lie contradio 
tories it is necessary that they he mutnaUy exclusive' 
j and at the same time collectively exhaustive in deno 
I tation; thatis, they must be incapalble of being predicated 
at the same time about the same subject, and between them 
h they must embrace everything in the Universe of Dis 
course. 

* Formally, contradiction is expressed by prefixing not 
|Or non- to the term— thus ‘not-happy ’ simply excludes' 
I* happy,’ ‘ not-white; shuts out ‘ white, ’^‘nSan ’ 
^removes ‘ man,’ and in each case the two contradictories 
evidently mclu^ between them aU things in the universe 
of discourse The Hmitation implied by the last phrase k 
important. Thus * white ’ and ‘ not-white ’ are not sue- 
posed to embrace cdl existing or conceivable things: for 
not white IS meant to apply only to all colours except 
white, md not to such tWs as sounds, tastes, hymn-tun£ 
half-hohdaysi ete., ete. (In other words ‘ white ’ and ‘ not’ 
white taken toother comprise everything within the 
limited universe of colour only^ 

Now the connotation of terms formed by prefixing xot- 
or non- in this way is simply negative ; they imply nothW 

V attributes connoted by the term to 

which they are prefixed. We may say then that a FoS^ 
Term impkes the presence of an attribute or group 
of attributes, and a ITegative Term simply iifS 
the absence of the attributes connoted by the^oSe 
spending positive term.y ^ corre- 

We imy, however, have two contradictories in fact each 
of which m expressed by a distinct name, and then it 
^s^ to ex^ne the facts in order to discover the (mn- 
relation between them, since it nnf fnvmoU 
located by the names themselves. Thus ‘British ’ and 
‘Foreign’ are contradictories in the r^lm 5 maton^ 
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and * nnliappy * are not contradictoriei 
an intermediate state of indifference b( 
often neither happy nor unhappy^ for 
not simply imply the absence of happiness 
the presence of positive misery. True contra^ 
only where no intermediate idea m pbsdble, 
unequal. 


use they JfmTe 


ion 


lion, 
exists 


(ii) Contraariety. — While logical contradictions simply 
negate each other, common speech can do more than tins ; 
it can express degrees of divergence, as we saw in the case 
of the terms ‘ happy ’ and ‘ unhappy ’ as contrasted with 
^^PPJ not-happy. When two terms expresB the 
greatest degree of difference possible in the same 
nniverse they are said to be Oontrary or Opposite 
Terms; thus black — white; wise — ^foolish; strong — ^weak; 
happy-miserable are pairs of contraries. 

The idea of contrariety rests on the assumption that we 
do not simply divide our universe into two classes as in 
formal contradiction, but into a series of groups which 
have no sharply defined boundaries, as pleasant, indif- 
ferent, unpleasant, painful, where the extreme terms are 
contraries. 

Under this head may be included what are sometimes 
called Privative Terms, which signify “ the ahsmce of a% 
attribute in a subject capable of possessing These 1 

include most of the words formed with negative prefixes or I 
affixes, as unkind, unhappy, and also such terms as deaf, 
blind, dumb, lame, etc. 



6. Concrete and Abstract Terms. 

between Concrete and Abstract Terms, 

Ihe division of terms into concrete and abstract is founded 
upon psychological and grammatical rather than upon 
reasons. ^ It is, however, usual to consider it as 
part ot the logical doctrine of terms. The followino* 
definitions express the difference — ^ 


^ Cf. Stock, Deductive Logic, pp. 35-37, 
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i A Concrete Term is tlie name of a wliole object. 

An Abstract Term is the name of an attribute 
considered by itself. 

In the above definition the word * object ’ is used widely 
to denote anything, whether material or not, which can 
be regarded as having a more or less separate existence as 
a whole whose parts or elements are in essential relation to 
each other and to the whole which comprises them. It thus 
includes such * things ' as Logic and Ethics ; and such as 
point, line, etc., in their strict mathematical sense. 

Abstract Terms are formed hythe process of ahstractino- 
the attention from all the qualities of a thing, except some 
particular one, or group, to which the name is then given 
Thus, by attending to one quality only of a tree, we form 
the idea of greenness ; by considering only the moral 
quality of a number of good actions we gain the concept of 
virtue, gut it is^evident that all general terms repr^ent 

we must not, 

therefore, regard this process as a sufficient ground for call- 
mg a term abstract. If we did, we must include in that 

g •’’"^s all terms whatever except Proper Names. A term 
only be called abstract when it denotes a quality wHcb 
ugb it can only exist in some object, may yet be thought 
sui. apart from all objects whatever. Thus, we can of 
j‘ strength’ by itself, although we know there can be no 
steength except as an attribute of strong things : or of 
ivirtne, though it cannot exist apart from good actions ’ 

. Abstract Name is not 

a qu^ty, but of a quality considered 
i ll® objects' wHoh, possess it,, it 

seeif that idjeefives are’pofc.abstraot ’ 
.terns; for they ^e '(plalitieS-oniy Ifidirectly, and con- 
ade^ the things to which"4ey belong. 

If we say Gold iS yellow,’ we 36 hot mean that gold 
IB a colour, but that it is a thing which possesses a certain 
Itisthecdomof gold which we call yeUowness 
Mt gold its^ ‘yelbwness’ is, then, the name of the 

“i -Mcl 
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WHetlier a name is abstract or concrete will often depend 
on the sense in wbicb it is used ; for tbe same word may be 
concrete in one sense and abstract in anotber. The im- 
portance of the distinction between concrete and abstract, 
however, from a logical point of view, lies in those pairs 
of terms wherein one is the abstract and the other tbe 1 
related concrete, as strong, strength ; man, humanity ; ) 
square, squareness ; etc., and in these cases there can never I 
be any doubt as to which is concrete and which is abstract. I 


7. Absolute and Belatwe Terms.— This division of 
terms is based on tbe fact that the relations of things 
differ from their other attributes in that they involve 
direct reference to more than one object. If, for instance, 
we speak of^ a man as strong we can confine our attention 
to that one individual, but if we speak of him as a friend 
we must at once extend our view to include some other 
person who stands to him in the relation of friendship. 
We may say, then, that 


An Absolute Term is a name which in its mean- 
ing implies no reference to anything else. 

f A Belative Term is a name which, over and 
above the object which it denotes, implies in 
its signification another object which also 
receives a name from the same fact or series 
of facts which is the ground of the first name. 

Each one of such a pair of terms is called the coTTelative 
of the other. In some cases each correlative has the same 
name, as friend, companion, partner, like, equal, near ; in 
other cases the names are different, as parent, son ; king, 
subjects; governor, governed ; cause, effect; greater, less • 
north of, south of. But they are always found in pairs, 
and they always owe their names to the same fact or series 
of facts. 

^ It must be remembered that it is the fact that the terms 
im^ly the relation in which the objects stand to each 
other which makes them Eelative, not the mere existence of 
the relation; thus a king governs men, but king and man 
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are not correlatives, for tie terms do not imply this relaHAT, 

connotes the same 
paternity and son- 

3 same, fact viewed' 

connoted both by .parent and 

’T condition 

point ot view of the ruler and 

is the basis of the'-"- 


^acii member of a pair of correlatives 
tact viewed from a different standpoint • i 
ship are not two different facts but the 
from two^^erent sides, and i.., 

by son. So, rule and subjection imply the 
of things regarded from th - - * ■ - 
of the subject respectively. 

Tie fact or series of facts wiici i„ 
relation is called thefwndcmentum relationis. 



■■ CHAPTEE ■ 

THE 3PBBBICABL1S. 

/ 1. Defiuitiom of FredicaMe. — ^TE6_.Fi?edica'bl6s are 
I a classificatioii of tlie relations' bf/tlie_ predicate to 
®tlie s'ntject of a logical' proposition." 

They do^ not express what a term is by itself, but only 
what relation it bears to the subject of the proposition of 
which it forms the predicate. We cannot refer any general 
term taken by itself to one definite predicable ; for the 
same term must be assigned now to one and now to 
another of the predicables according to its relation to the 
subject of which it happens, in any particular proposition, 
to be predicated. 

2. Porphyry’s Piye-fold Scheme of Predicables. 
The traditional classification of predicables is that of 
Porphyry, and is closely connected with the subjects of 
logical definition and division. It is as follows— 

U. Genua. Y 

2. Spedea. I 

Predicables are - DiJhreMm j- of the Subject. 

4. Projmum j ' ^ , 

5, Accid&na I ' ^ 



illilli! 

liilllilil 
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H ®“ wMcE neither forms 

connotation of a term nor is necessai^y 
/SS attribute included in that c”n^ 

3. Genus and Species. — These are not absolute terms 

^ meaning apS 

species into which it is divided - nor 
term marh? containing genus. The Ume 

SSs^« f ^ g^’aeral classes it-^ 

“1 a genus or ? 

to illustiatfi^fho w- quoted on a previous page ^ ’ 

tion of term?^ ration between connotation and denota- 
precedin?w “termediate term is a species to the 
^ TUio -n^ term, and a genus to the succeeding. 

^at ie 

^orS^ po ^nemi Sr’not a^~S 

ilnjma Species. ^ ™ “^'^ividuals, it is a Lowest Species or 

te^^|,gS»^4 tem J pm^d of mqther .general 
ampte, in the ® ^ speeies....I’ox ex- 

'^og’ ia a suecfes domestic animal,’ 

s-ssfc- ip«^;ss 

Iher divided exLnt i^M'^ be fur- 

^ ueu except into individual equilateral triangles. 

species^^i?^’T^?^® ^®®“ pointed out above that a 

in denotation, it jl c^n£S°“ 

taLmmes KS®^: o/#Ae connotatiok 

.T|7iTrn'*~'rrr:^ tic mi- 

“-‘ffi l|. ‘Seep.3S. . 

5 1 ; ' ; . . . T s , 1 r ' . . * 
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/ fereniia or Bifferenee of ihai Swedes, Thus, in conaotatioiij 
/ ' tHe sum of geniis and differentia gires species. 

“ , It is plain, however, that there can be no such thing as 
an absolute genus or differentia, for the same attribute 
may be differentia in one case and part of the connotation 
of the genus in another. Thus, if we have three classes of 
things with the respective connotations ahyac, he, while a 
is the genus of the first two, and h and c differentiae ; h is 
the genus of the first and third, and a and e differentiae ; 
and c is the genus of the second and third, and a and h 
differentiae. 

As the connotation of a general name only embraces 
those of the attributes possessed in common by the things 
denoted by the name which are explicitly stated in its 
accepted definition, it is evident that a comparison of 
the definition of the genus with that of any species 
gives^ the differentia of the latter. If ah symbolises the 
definition of a given genus, and ahe, abdf ahe, the defini- 
tions of species under it, then c is the differentia of the 
species ahe, d that of ahd, and so on. 

I 6. Proprium . — iXlhM MtTi]btf>tes which are common to 

thejilasB name. 'dnd wKtci are 
included^ Ji ts ijecossa Tiltf connected 
with 

not, however, be pecmiar to thSTrESaK^s of this! class, for 
they may flow from a part of the connotation which is also 
part of the connotation of some other class name. 

rm. - 1? j v « • f t 


nature of things ; for there is often no imperative reason why 
some, rather than others, of the common attributes of a 
class should be implied by the class name. Thus, with the 
common definition of, a triai^e, the attribute ‘ three-sided ’ 
is the differentia which distinguishes that species of plane 
rMtilinear figmes from others,' and 'three-angled ’ i§ a pro- 


then the attribute ‘three-angled’. would become the dif- 
ferentia, and ‘ three-sided ’ thB,proprium. 



tHU PBIMCABLIS, ^ 

This is aot so, howoTer, in every case; and, alwavs 
propria are attributes -which flow from the whole or nai-t’ 
of the connotation, either as effect from cause or as a eon’ 
from |»remises. Thus, that man is a tool-usiag 

3 effect from cause — 
■e a proprium. That 
right-angled triangle 
squares on the sides 
a proprium, because it 
ight-angled triangles, which 
necessary consequence 


is eq^l in area to the sum of the 
containing the right angle ’ is also i 
is an attribute common to all rigl ' 
can be shown, by reasoning, to be a 
of the connotation. 

6. Acoidens.— In this class are included all those at- 

tributes wliicli are neitiier connoted by a term aor arf 

necessarily connected with its connotation ^ wMcL 

are mcluded under neither of the heads Genus, Diff^rentk 
or Propnum, 

We ^ye no real definition of what an Acoidens, or 
Accideat, is ; we can only say what it is not. An accidens 
may he described as an attribute which can -be removed 
from the cIms, or individual, -without necessitatino- anv 
other alteration ; j^hile to remove a propriuS or a dS^ 
^ be to destroy the indivMual, or class, or at 
le^t fundamentally to change its character. 

ihere may be accidentia of a class or of an individual 
andm both cases they may be separable or inseparable’ 

class is one wMch Monas to 
ersn, m^er. MMp clas,. It is, of cours^ diS to 
distmguish such accidentia from urourk * 

^nded mvestigation into the natiw o^f things is aWs 

bnte shonld£^SSd?u reason why the attri- 
is called an accidens. Thus that all ^ class, it 

, the end aud havi^^STCn^Srwe 

manu. vvmte was long regarded as an iusepar- 
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Table accidens of swans, but tie discoverj of black swans in 
Australia bas shown that it is only a Separable Accidens, 
that is, one not common to every member of a class* 

When we come to indiriduals the words separable and 
inseparable have, necessarily, a somewhat difFerent mean- 
ing. Inseparable Accidens of an individual is one 
which Hetongs to him at all times and can n&oer he changed, 
as the date and place of a man’s birth, while a Separable 
Accidens is one which is sometimes present and sometimes 
absent or which can changed, as a man’s trade, his acts or 
postures. These individual accidentia are of no logical 
importance.' 


7. The Tree of Porphyry.— An example of a portion 
of this scheme of Predicables is furnished, by a table 
Imown arthe 2Vee of Porj?%ry because it was first set 
forth by Porphyry. It is as follows— . , 


Substance 
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Here^we tave,.tte fenBS^Sttbstaiic©,.,,'::aaid',^ 

infima species— Man, wiiicli cannot be divided into anj 
narrower species, but only into individuals. Tlie inter- 
mediate terms down the centre of the Hree’ — Body,; 
Eivihg Being, Animal— are subaltern genera and species ; 
that is, each is a genus as regards those below it in the 
list, and a species with respect to those above it. The 
attributes Corporeal, Animate, Sensible (i.e. able to feel), 
Eational, are differentiae which divide each genus into 
species. Of course, the corresponding negative attributes 
are also differentiae, but the species to which they would 
give rise are omitted for the sake of simplicity - their 
existence must not, however, be forgotten, for every genus 
must be divisible into at least two species. 

8. Creneral Remaarhs on the Rredicables.— With 
regard to this five-fold scheme of Predicables it should 
be noted that no provision is made in it for singular 
terms as predicates. In fact, by the older logicians 
singular terms were never regarded as predicates, and 
^ch propositions as ‘George V is the second son of 
Edward VII’ were looked upon as outside the scope of 
logic. A predicable was only another name for a uni- 
versal: one and the same term regarded in denotation was 
a pre^cable, as being applicable to several different things • 
consmered^ in ^ connotation it was a universal, as the 
attobutes implied were to be found in several other and 
different notions. 

^fferentia is predicated, the proposi- 
4m u sai^ h he Analytic or Yerlal as the predicate only 
I state expbatly part of yrhat is implicitly contained in the 
I subject; but whm a proprivm or aecidem is predicated 
I the ^opositim w syAetic or real, as the predicate then 
j asserts m additional fact, which no analysis of the impli- 

I cation ot the subject would reveal 

inSS predicated of an 

“^^dual is denoted by a Proper 
f synthetic, as the Proper 

cant Smgular Name such a proposition is often analytic, 
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§ 8] aENEBAX EEMARKS ON THE PBEDICABLES. 

as tie Significant Singular ISTame frequently contains the 
species in its connotation. Thus ‘Socrates is a man' is a 
synthetic proposition, b great Greek pkilosopker 

is a man ' is an analytic proposition; for, * pMlosoplier ' 
implies ‘ man/ but ‘ Socrates ' does not. 

Tliere is mncli that is valuable in tMs scbeme, for all 
classification depends on tke formation of genera and 
species, and one of the cMef aims of science is to classify 
accurately, and to decide wbat attributes are essential to 
tbe inclusion of any individual in a given class. 
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msed bj common agreement of competent tbii 
implied by the name. 

Every definition is, therefore, an analytic proi 
or, rather, a senes of analytic propositions, as a i 
position IS reqmred to affirm each separate attrih 
m eve^ one of these propositions the predicate 
states m so many words what was already implici 
tamed in the subject. A complete definitbn Su 

Sth+S analytic propositions that can 1 

With, the defined term as subject, for it will staf a if 
connotetion. Moreover, each one of These £op 
must be umversal, that is, the predication mimt fc 
of every one of the things denoted by the subS tei 
the detoion must necessarily be applicable to eacl 
jvhich bears the dass name. Ft-^^oie to eact 

often without being dislmct or^mfeoSte thf 


§ 2]- DEFINITION PBB SENDS ET DIPPBEB^JAM^ 

It is evident, then, that to form a goo^' ^einition is a 
work of no small difficulty, and one callis^ f^r no small’ 
sagacity. It involves careful observation,'« 3 ^parison and,' ‘ 
analysis of the things observed, abstractimv ^--th© mind' • 
from their differences, and generalisationX^siSes the 
power of distinguishing primary from derivativ&’^Stles. 

In short, the definition is the perfecting and completion of 
fcne process of conception. 

Moreover, the preliminary process of seeliTig for a defi- 
nitaon is often more important than the finding of it. 

'v 1 ^^so’^ssing a definition is often hut 

slightly represented in the superior fitness of the formula 
that we ultimately adopt ; it consists chiefly in the greater 
clearness and fullness in which the characteristics of the 
matter ^ to which ^ the formula refers have been brought 
betore the mind in the process of seeking for it While 
we are apparently aiming at definitions of terms, our atten- 
tion should be really fixed on distinctions and relations of 
tact. These latter are what we are concerned to know 
contemplate, and as far as possible arrange and systema- 
*1 reflective contemplation is naturally 

stimulated by the effort to define ; but when the process 
has been fuUy performed, when the distinctions and 
relations of fact have been clearly apprehended the fi-nil 
question as to the mode in which tl^ Sd be repm 
sented in a definition is really— wbat tL whole discusSon 
alon^°^’’*i superficial readers— a question about words 

a mrf of practical, and is, therefore, 

a part ot Apphed Logic. Its uses are twofold The first 
and most obvious is to give precision to indefinite know-l 
ledge; the second is to make clear the exact sense in wHch 
m any given exposition or discussion a term is to be used 

“I ^ ^ 

practically impossible to express it in terms which denote 
S^d^wick, Prmciples of Politiccd Economy^ pp, 49 - 50 . 
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simple attributes only ; and, in nearly every case to do 
so would make the definition needlessly long and involved 
It is always allowable to employ terms expressive of 
groups of attributes. Hence we have tbe time-bonom-ed 
rule that definition should h&per genm et differentiam In 
mentioning the genus we use a term wMeh implies all the 
attributes common to the species whose name is the term 
to be defined and to all other co-ordinate species of that 
genus ; by adding the differentia, we complete the state- 
of the connotation by giving those attributes which 
differentiate that species from all such co-ordinate sneeieH 
iln other words, when we have to define a term, we first 
: decide what class of things it belongs to, and then we 
mark the attribute, or group of attributes, which dis- 
■ otJier members of that class. The name 

of the class is the genus, the distinguishing attribute nr 
group of attributes, is the differentia ^ ’ 

genus,' as 

P«W®.4£ar,deawtaQn omit part of the connotation 

If, for instance, we defined 
man as rational being ws should omit the attributes 

^ definition wS 
to apphed to other possible beings. Or 

iJ^W r connotation 

is abed by referring it to the genus a (instead of to the 

prox^te genus, aho), and adding the^ differentia d w 
0 ]^ the attributes he from our definition 
It must be remembered that when definition per qenm et 
differ fatiarn is spoken of, it is not meant that thedifferentia 

bntes to -ttri- 

significant name can Ite deSed S 

xucapable of definirion are^^^^l^: SieSa^^: 

» See™. 40.41 
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signification, and singular Abstract Terms wliicli as tlie 
names of the simple attributes that form the ultimate 
limit of our analysis cannot be expressed in terms more 
elementary than themselves. hTo words can enable one 
who has never experienced pain dr whiteness to conceive 
what, either is. ■ 

Some terms are manifestly much more easily defined 
than others. Those in which the connotation is the more 
important element — such as technical terms, whose sole 
value lies in an exact meaning— are much more easily 
denned than those in which the denotati ve element pre- 
dominates. ^ Examples of the latter are the names of most 
common objects— 6.^. chair, horse, dog— where we learn 
to apply the names without any distinct idea of the attri- 
butes connoted by them. That this is the case anyone 
may easily discover who contrasts the ease with which the 
connotation of such a term as ‘rectangle,’ for example, 
an be stated, with the difficulty of writing down the 
essential attributes of ‘ clog.’ 

But, though all significant names can be defined with 
more or less difficulty, a gi’eat number of such definitions 
can only be regarded as^ provisional. Eresh advances in 
alter pur^ estimate of the relative import- 
ance of attributes, 

notation of the tern, . mdjifant. 
de^tion. In fact, the growth of knowledge must cause 
modifications of the definitions of many scientific terms- 
were they aU fixed, science -would cease to adyance. Dis- 

™ universal 

finality _m the latter is not to he looked for; it could only 
he possible with complete and perfect knowledo-e ■ 

Not only the growth of knowledge, hut a change in the 
point of view from which a term is regai-ded may^lead to a 
^ange in the accepted definition. Examples of this are 
most common m mathematics. Thus an ellipse was 
defined as a conic section with the differentia 
that the cut goes quite across the cone, not at right angles 
■•K “ modem works it is defined as the fine 

traced out hy a pomt so moving that its distance from a 
■ . , :X» ll."-. , ■ 
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fixed line bears always a certain ratio to its distance from 
a certain fixed point. Tben tlie fact that sncIi a curve is a 
conic section is deduced by a long and intricate argument; 
it is, in fact, degraded from forming part of tlie connota- 
tion to tlie position of aproprium.^ 

Again, changes in the denotation of a term caused by its 
application to new classes of objects result in a certain 
vagueness of connotation, which, of course, reacts on the 
denotation, and gives rise to an indefinite zone, of the 
contents of which it is difficult to say whether they have 
a right to the name or not. This is especially so in the 
use of such words as ‘capital,' 'wealth, ’ 'rent,' ‘labour,' 
etc., which are of importance in the sciences which deal 
with social phenomena. Indeed, most common words will 
if carefully examined, be seen to be more or less vague 
as to the boundary Hne both in their connotation and in 
their denotation. ‘ 


4. jPrinciples of Definition.— A good definition should 

satisfy the following conditions— 

I. It should state neither more nor less than the con- 
notation of the term defined. 

II. It should not he expressed in vague or figurative 

language, ^ 

III. It should not he mere tautology, 

IV. It ahom not be negative unless the whole meaninais 

negative, ^ 

Or, to sum the rules into one — 

A deflm.ition should in its content be (i) adeguate and 
; ; ■ : expression (ii) dear, cmd 

: ! j , ^ (m) toMtologous nor (It) negative. 

We will now discuss each principle in some detaO. 

coS,tion®of 'rtf f embraces more than the 

some ot its propm or some of its accidentia. 

“ “-separable acoiden- 
. p to connotation, the denotation corered 

•?<.;! I ll ? CS*: “^^’s Mmpirioai Logic, pp. 284 - 280 . 
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by the definition remains the same aJ ttt of the natffe 
defined ; but the very fact of adding tb^^l^ra attriby-tei? 
suggests that they are necessary to th%t^§ <iefiiuti<#i/ 
and that, therefore, other objects exist wfiSh missasShiJl'' 
the attributes mentioned except these very 
m fact, not the case. If, for example, an equilateral tri- 
angte IS defined as a triangle which has three equal sides 
and three equal ^gles, this, though perfectly true of aU 
equilateral tnaugles and of no other figures whatever, is 

s«yyesfo that there are tri- 
angles wluch may have three equal sides and yet not have 

reduudS®® ^ definition is 

predsb^*’ ^antmg in conciseness and 

If a separable accidens is added to the connotation of» 
definition, a gi-aver fault k com! 
mitted. In tks case the definition does not refer to the! 
whole denotation of the name defined, for some only of the ' 

in^ueltk? possess the attribute 

in question. The defi.nition m th is case is too narrow I 
If. tor mstance,_ a triangle is defined as" 'a' planlSr 

n^w sides the defimtionistoo 

narrow ; for it apphes only to a section of the fiuures 

k trmngles. The .attribute ‘equal-sfded’ 

IS the differentia which marks off the suActAa •X„-i * i 
triangles’ from the other co-oS ^ ^ 

the genus ‘tnangle,’ and is, therefore, only a SaraWe 
Mcidens of that genus. Or, if a labourer is dSd ^ 
one who performs manual work for wages the definition is 
aga,m too narrow, as, by the addition of the seuagblfi 1 
Mcidens ‘for wages,’ it excludes all slaves from the class ? 
labourers of wkch they indubitably form a part. 

iiand, tlie definition contains less fTia-n 
the connotation of tte name it is too k 

IS applicable to a greater nnniber of things than are^n 
to the species on^r, and is inadequkfo.-'*-'- - 
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I In all cases, then, the denotation of the definition must 
,f he exactly the same as that of the term defined, and 
I tliis can only be secured ivith certainty by its stating 
I all the connotation of the term and nothing else. ^ 

Principle II. — The violation of the demand for clearness 
in a definition is known as defining ignotum^er ignotius or 
jper aegue ignotum — explaining the imknown by the more, 
or equally, unknown. Dr. Johnson’s definition of a net as 
'' a reticulated fabric, decussated at regular intervals ” is 
an amusing instaJnce of this. To say that Eccentricity 
is peculiar idiosyncrasy ” or that Fluency is an exuberance 
of verbosity ” is, in each case, to give a definition which is 
certainly not clearer than the term defined. 

The so-called definitions which are expressed in figurative 
language are a variety of this fault. To say “ The lion is 
the king of beasts,” Bread is the staff of life ” or “ ISTeces- 
sity is the mother of invention ” gives no explanation of 
the meaning of the terms * defined.’ 

This rule, however, is not violated if a name is defined 
for the purposes of a special science, in terms which to one 
who is not a student of that science would be less clear 
name itself; as, for instance, if for the purposes 
or Conic Sections a circle were defined as a section of a 
cone parallel to the base. Definition from its nature 
assumes sufficient pertinent knowledge for the comore- 
hension of its terms. ^ 

Principle lII.-The Tiolatiou of the rule against tauto- 

logym a dmnition is called ciroulus in definiendo, or a 
circle in defining, > vx u. 

It is evidently no addition to om* knowledge of fact to 
; exp ^ ; a term by itself or by a synonym. 

speeds is .simpler: ifo aferm 

mV* truth,” and this.tboTjgli, it, in,ay give know- 

meaning of ajiitherto nnknowiterm, gives 
none t^ natiTO of the tiung named. Thus, lo»icallv it 

Englisb, due to t^ presence in the vocabulary of words 
Teutonic and Latin sources, offers many 
' for ocm^tting this fault; and, it ^ ^ 

f ^ sparingly 4ed. 
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But it is by no means confined to Btigliab IJeberwe<>- 
quotes the folloTOng example from the German -vraite^i 
“ ‘ -Reeling is pleasant when it is desired because i 
ot itselt ‘We desire only what we in some way represent 1 
to be good. ‘ The sensibiliiy takes that to be good which i 
warrants or promises pleasure, and affects us pleasantly; ' 
—the d^ires rest on pleasant feehngs.’ The pleasant ; 
feehng is here explained by the desire, and the desire i 
agam by_ the pleasant feeling.” 1 
It is in cases of long and involyed definitions, such as 

sentences are taken from 
diffeient parts of the book-— that a ‘circle Ms most fre 
quently found. StiU, it is by no means uncomnmn to 

tocfaons,_ ^Porce IS a motive power,” “Man is a human 

^ Church dignitary 

fSetioM”t i t 't archilacona^ 

tractions IS a very neat example— in this case, intention- 

aUy humorous— of circulus in definiendo. 

wten the name of the genus is 
repe^ m definmg a term which denotes a subordiBaia 


‘equiktei^ triangle’ has. no sepra ate name**^-!^ 
~SS!SSfe§,^,,ttqin the ,species^^Ftne"'grauT'fI®E51^wffi*Ti 
are co:ordmate with it mereir^f tie fif 
‘ eqmlatoral.’ EucEd; 'before "giving 'this' defiir{ibn"'’lra^ 

uaihe of the genii's^ ‘ triangle ’ ’tMs 
word when d.occurs m the definition of equilaterJ IrianSe 
name of the genus, not that of the thmo- 

Prom this piinciple it follows that a tern which is the 
name of a simple and elementaiy attribute cannot be de- 
fined, as li can only be explained .by "a' 'syn™ oh br 
Itself; for mstance, “ White is that ittribute.orseK 

^X'OP'JC, Kng. Trans., p. 175. 
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objects wMcli occasions iis to experience the sensation of 
whiteness.” We can onlj, in truth, describe such terms by 
analysing the conditions under which the sensations they 
denote are produced. 

Principle IV. — ^ITegative definitions are always less 
satisfactory than those expressed in positive terms, unless 
they are definitions of the names of negative notions, in 
which case they are to be preferred. 

It is, for example, simplest to define an alien as one who 
is not a citizen of the British Empire ; for the name ‘ alien ^ 
represents a notion whose sole difPerentia is just this nega- 
tive attribute. Any definition of Accidens must also, neces- 
sarily, be of a negative character.^ But, to ‘ define ’ virtue 
as the opposite of vice, or liquid as that which is neither 
solid nor gaseous, is not to say in either case what attri- 
butes constitute the class notion, and are, therefore, con- 
noted by the name '; but to state attributes which are not 
80 connoted. This, besides giving no positive information, 
is certain to lead to indefiniteness. Merely to say what 
a thing is not gives no clear indication of what it is. 

Many of the objections to the indefiniteness of thorough- 
going negative (or infinite) terms apply to negative defini- 
tions.^ Euclid^s definition of parallel straight lines as 
those which He in the same plane, and which, beino* 
produced ever so far both ways, never meet” offends 
against this principle, as does his definition of a point as 
^Mt which has no parts and which has no magnitude.” 
This rule of expression is really involved in the first 
principle of definition, for the connotation of a positive 
term cannot be expressed negatively, 

Definitiojis. — Every definition is tlie 
.explicit unfolding of connotation, and therefore is an 
analytic proposition in wMch the denotation of the subiect 
and predicate may be equated together. But, as we have 
sem, ttere are dmeulties in the assignment of connotation, 

, ^ we my ash on, the one hand how far the definition 
4 ® Iiw far it 

,o£.p.34. 


§ 5 ] 


FOBMATIOlSr OF DEFIIiriT 



represents a general agreement as to 
name. . ' ' 

Tills distinction, however, is more j 
iarises from the imperfection of our L 
is in a sense the end of science, and 

yet to discover the essential nature of ■ 

cannot he more than approximations to v* ^w«u. 

Consider the difficulty of determining what shall be 
regarded as differentia and what as In mathe- 

matics the case is comparatively simple." Such a definition 
may be given as will suffice to ensure the construction of 
the figure, and all that can be demonstrated from that 
under the fixed conditions of space may be regarded as 
properties. The same procedure is not open to us in regard 
to natural objects, whether organic or inorganic. The 
process of seeking for a definition involves an examination 
of instances which seem to be of the same kind, and the 
recognition that these are instances already implies at least 
an implicit definition, for otherwise they could not be recoo*- 
nised as such. ^ 

^ be necessary to enum^ all the 

characteristics of a sp&ies, and to determine which ^were 
essential,^M;Mn<^^^ If is maiesi' to 

dwen on fhe mpossibflity of caMying ont sueli a process • 
yet without it we can never he, sure that a ehara^stic 
of fundamental importance has not been omitted. The 
discovery of such an omission may revolutionise a science 
Assuming, however, that the enumeration of attributes 
has been made as complete as the state of knowledge makes 
possible, how are, we to sort out those which moat trulv 
represent the nature of a_ species? The elimination of: 
^idente vnll not theoretically, jafesent much difBLculty 
though in practice it is not always easy. But we nee4 some 
pnnciple on which to divide the essence from the propertv 
That which is Availahlb in maithematies is hot a^feble ’ 
here: we cannot demonstrate the properties of a natural 
^ject from certain givp fundamental characteristics. 
Tim most that we can do is to choose for the purposes of 
definition those attributes which seem to carry with them 
t^Ja-rgest number of other attributes, whefiief 
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a causal connexion or not. Now sucli grouping is to a 
laj^e e^nt arbitrary, and when a name is given to a groun 
of attributes so determined, and things are called by* that 
name ^cording as they possess or do not possess those 
attributes, the definition is rather a statement of the sense 
^yen to the name than an expression of the nature of tliA 
thmg. ^ 

THs is seen even more clearly in the case of terms 
rektive to human relations; as capital, wealth, rent, edu! 
cation, right, justice. These are used in so great a variety 
^ ways that for ^y specific purpose it is necessary, if we 
ambigmty and misunderstanding, to state 

we propose to give them 
that IS, the sense in which we are going to use them. Then' 

iss 

LvWt™ these cMes, we do not define the word 

traditional distinction between 
te defitoril^i ^e&itions-that is, definitions of mrds 
^d^defimtions of <A7«g-s,is a matter of no logical signifl. 

m which successive modi^atious common ancestry 

of : divergence. Could 

s completely it would be nossiWA?°^^° exhibited 

tree in w4h the sp5es w2 1 a genealogical 

one great family and their shoTO to be members of 

appear at a gkS £ 

attributes which are essential T clue to those 

species, and wHoh constitution of a 

even essential to the present “IP^rtant or 

but rather those wMc^ beat ammal or plant, 

^ ^ ^ nose winch best exhibit its origin. DefiSition 
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• wMcli' sets, forth the process by whichla/^^mg comes 
what^, it is, and which' is, therefore, b^i^^^he id4^p|* 
causation, is tQimQdL genetic. ' Vv 

We^ m also describe,' as .genetic 
mathematics which indicate a process by wScE we may 
form a concept of a geometrical figure : “ A cylindrical 

surface is the surface marked out by a straight line which 
revolves at a fixed distance round another straight line to 
which it is parallel ” ; or in chemistry, those which indicate 
the formation of a compound from its elements, e.g. ‘‘ water 
is a fluid formed by combining one part of oxygen with 
two parts of hydrogen.” 

^ 7. Descriptions. — Definitions should not be confounded 
mth descriptions. In the latter, inseparable accidentia are 
often used, with or without some of the propria, to enable 
us to recognise the objects denoted by the name. Such a 
proposition is no more a definition than would be the act 
of pointing ont a member of the class in q^uestion and 
saying “ I mean something like that.” Still, description is 
by no means useless, though it is not logical definition. 

It has the valuable function of enabling us to identify 
easfly anything which bears the name. The main obiect 
of definition is to make distinct our concepts of things 
and so to lead to a greater dearness and definiteness of ^ 
thought and language; that of description is to furnish a ^ 
rough and ready means of recognition. 

Descriptions are in place in a dictionary where logical 
and scientific definitions would be of little use. A scien- 
tific definition of a crocodile would not enable anyone to 
form an idea of its appearance~for definition does not 
deal with appearance but with qualities and relations essen- 
tial to that kind of animal, which are not generally closely 
connected with its appearance. The function of the 
dictionary is to enable anyone who has not seen a croco- 
dile to realise what it looks like,.^o it describes it and aids 
its description by a picture. Description, in a word 
appeals directly to the eye: definition to thought and 
previous knowledge. ■ 
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FALLACIBS OP B.EPIHITION. 

_ l- General ITatnre of PaUaoy.— The word ‘ Pallaev - 

is, like many other words, veiy loosely used in the comS 
speech of the present day. Thus, any false statemSS^ 
ifpluded imder the term; “that men am 
in the habit of walkmg on then- heads, they would say ifa 
W ohTious fallacy. Others include under it aS&ke 
behef, or any mental coitfusion whateyer, no matter what 
its oiigm. It seems preferable, howeyer, to use the term 
m a more defimte manner. It is better not to call a uSu 
W statement, a fallacy, but to cm- 

fine the tem to offences against logical princioles -mnva 

L girH 

■to conception, including invalid definition pcident 

judgment, to method, Ld to each raM foC^Af^'^f 

K must be remembered, how^^^S^uf 

between these nrocesses is t,a+ I ^ ^ difference 

raaer one of e^S ^rLencTST?*^^ 

inference, either imphltly or expUcM? Jnd 

which this fault is imnlimt ° y ’ *Irose in 

arguments they lead to tether S 5^^ 

; explicit inference, eolations of tlie rules of 

™ department of our 

' Mflllii l'' 238, 
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fcimtment. • To take first, tiien, tliose wHch May lm*i: in 
our concepts, and in tlie use of the ■ terms which express 
them, /■ 

- 2. Faults in Definition.— Any "Violation : of the prin- 
ciples of definition leads to faUaej through faulty or 
imperfect conception of the force of the terms employed. 
Thought wanting in clearness and definiteness is ex- 
tremely likely to become, at some point or other, actually 
erroneous. All fallacies due to any kind of ambiguity in 
the terms employed are, thus, at bottom faults of defini- 
tion ; once make the meaning of every term employed clear 
and such fallacies become impossible, 

^ Under the general head of faulty definition we may 
include several fallacies traditional in logic since Aristotle, 
and which it is still customary to designate by their 
mediaeval Latin names, as well as one which is specially 
incident to vague and indefinite conception and which we 
will consider, first. . . 

(i) Concept embracing incompatible attributes.— 

Whenever tbe meaning of a term is expHcitly and clearly 
conceived it is, of course, impossible to include in it inoom- 
patible attributes. But when one’s ideas are not clearly 
and definitely sett forth, .^sjlajby no means impossible. 
Thus we find people wguing; a^ f ^visible portion 
of matter, where the attmbate’ '‘indivisible’ is mcom- 
patible with ‘matter’ which implies extension, and, there- 
tore, divisibility. The expression is self-contradictory, 
and can only be used by one whose thought on the subieet 
is vague and confused, for no one can hold together in clear 
thought attobutes which destroy each other. A logical 
concept of indivisible matter is as much an impossibility 

asone of unequal-equality or unjust- justice. 

Again, all the numerous and varied attempts which have 
been made at ‘squaring the oirele’ may be set down to 
a tault;y conception of ‘incommensurable,’ a conception 
wliicn, indeed, embraces tbe idea of ‘commensurable in 
terms of an indefinitely small unit.’ 

Similarly many people seem to use tlie word ‘ infinite ’ 
as meaning finite at a very extended limit. Others 
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‘eternal’ signify enduring tlirougliout a very long time 
whereas the veiy notion of time, embracing, as it does the 
ideas of before and after, and consequently of beginning 
and end, is incompatible with that of ‘ eteimity,’ whose 
true meaning is existence out of time. ’ 

(u) aSqniwocatio or Homonyniia. — ^By a fallacy of 
equivocation is meant one due to the use of a word capable 
of two or more meanings. Traced to its origin,'^this 
imphes that the concept corresponding to the word is 
wanting in clearness and accuracy. In other words it is 
a failure in definition. Such failure may, of course be 
really made by him who uses the ambiguous term. ’At 
other times its use is merely a sophistical device the 
jrerson who uses the term in two difEerent senses ti-usting 
that the change of meaning may escape detection An 
example frequently given by the old logicians is— “The 
end of a thing is its perfection; death is the end of life • 
tberefore, death is the perfection of life ” where ‘end’ 
IS used m the two senses of aim a.nd finish. Evidently what 
m trae m the one sense has no pertinence to the other 
Similarly m “Knowledge is power; perception is know- 
ledge; therefore, perception is power,” we have an am- 
biguous use of the term knowledge. 

examples as these the error is obvious and, con- 
committed. But it must be 
ia bound to choose 
some, at least, of his examples of such a character that 

Moreover, when an argument is, as it were, reduced to its 

■ might weU escape detection if it oc- 

' and more or less involved disquisition 

wia the premises, perhaps, far apart. ui^T^siraon, 

thS^o!t of words are, indeed, amongst 

' hien^TthThSi’^*’ “ their turn use their 

^ f I If; : f 1 ’ i > f t Orgamm, L 59. ' 
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One of the chief sources of ambignitj is that a word 
which has changed its meaning still retains some of the 
associations which were connected with its original meaning. 
Be Morgan gives some good examples, one or two of wliich 
we will borrow. 

clianged its mean- 
ing, except in the courts of law. It stood for comrntmim- 
iionto without reference to the mode of communi- 
cation, or the number of recipients. G-raduail j, as printing 
became the easiest and most usual mode of publication^ 
and consequently the one most frequently resoi*ted to, the 
word acquired its modern meaning j if we say a man pxih- 
Hshes his travels, we mean that he writes and prints a book 
descriptive of them. I suspect that many persons have 
come within the danger of the law, by not knowing that 
to write a letter which contains defamation, and to send it 
to another person to read, is puUisUng a libel ; that is, by 
imagining that they were safe from the consequences of 
publishing, as long as they did not print. ... A similar 
change has taken place in the meaning of the word to 
utter f the sense of which is to give out, but which now 
means usually to give out of the mouth in words. As 
yet I am not aware that any person charged with the 
utterance of counterfeit coin has pleaded that no one ever 
uttered coin except the princess in the fairy tale: but there 
IS no saying to what we may come, with good example, and 
under high authority.’’ ! ^ 

Confusion between the etymological and the currently 
accepted meaning of a word is, indeed, always hable to lead 
to tallacy. In a discussion as to the meaning of a word 
an appeal to etymology is reaUy out of court; current 
usage alone must decide the question. 

Nothing is more helpful, and even necessary, for scientific 
— ^i.e. exact — ^thought than a precise set of terms The 
moral sciences have no such well-established and exact 
system of technical terms, and it follows that in those 
sciences fallacies due to ambiguity are most easilv com- 
mitted. 

Especially is this the case with Economics. Mill gives 
! Formal Logic, p. 243. 
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a* good example of sucli a fallacy wliioli is still quite 
common: '‘The mercantile public are frequently led into 
this fallacy by the phrase, 'scarcity of money/ In the 
language of commerce ' money ^ has two meanings : currency^ 
or the circulating medium ; and capital seehing investment ^ 
especially investment on loan. In this last sense the word 
is used when the ‘ money iharket ^ is spoken of, and when 
the ' value of money ' is said to be high or low, the rate of 
interest being meant. The consequence of this ambiguity 
is, that as soon as scarcity of money in the latter of these 
senses begins to be felt — ^as soon as there is difficulty of 
obtaining loans, and the rate of interest is high— it is con- 
cluded that this must arise from causes acting upon the 
quantity of money in the other and more popular sense; 
that the circulating medium must have diminished in 
quantity, or ought to be increased. I am aware that, in- 
dependently of the double meaning of the term, there are 
in the facts themselves some peculiarities, giving an ap- 
parent support to this error; but the ambiguity of the lan- 
^age stands on the very threshold of the subject, and 
intercepts all attempts to throw light upon it.” ^ 

Another ambiguous word is ' government,’ which is used 
both to denote the system of laws established in a nation, 
and the body of men charged with the carrying out of those 
laws. Loyalty to the government in the former sense may 
involve resistance to the government in the latter sense, 
though a tyranny would not be willing to acknowledge this, 
and would, trade on the ambiguity of the word, trusting that 
the ignominy which may rightly accrue to resistance to law 
will attach to resistance to the men whose mal-administra- 
j tion of the law may have become intolerable. 

• 'Kature’ is another fertile source of fallacy. What, 
for instance, is “ education according to nature ” ? With 
the seventeenth centuiy writer Comenius it meant seeking 
to base educational method on fanciful analogies drawn 
physical world, as, for instance, when he argued 
that because the sun does not occupy himself with objects 
one by one a tree or an animal — ^but illumines and warms 
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the whole 6arth, therefore, there should ] 
for each class. ^ With Eonssean the phra^ 
as far as possible to the condition of i 
‘nature’ being regarded as the condition fronT 
starts. The same idea is present in the excuse so often 
given for cMldish faults that they are ‘natural.’ On 
the other hand, Plato and all modem idealists would 
seek^ man’s true nature in the ideal towards which civi- 
lisation can only be regarded as a slow progress, and with 
them “ education according to nature ” means guiding the 
child in the path of this development in the order and to 
the extent to which a study of psychology shows to be 
possible. 


One frequent cause of the fallacy of equivocation is when 
a writer or speaker uses a word in a definite and perhaps 
special meaning without taking steps to secure that it is 
understood in that meaning. “It is very difi&cult,” says 
Be Morgan, “ to avoid this foiun of the fallacy, without 
giving the meaning of the most essential terms, on the 
first occasions of their occurrence. It is not uncommon 
to meet with a writer who appears to believe, at least 
who certainly acts upon, the notion that the right over 
words resides in him, and that others are wrong as far as 
they difier from him. ... The writers of whom I speak 
. . . treat words as absolute images of things hy right of 
the letters which spell them. ‘ The French,’ saS the 
sailor, ‘ call a cabbage a sJioq j the fools 1 why can’t they 
call it a cabbage, when they must know it is one ? ’’’^ 

This last example leads us to notice that all puns are 
logically instances of this fallacy. Lamb in the Essam of 
Elia quotes the following from Swift’s Miscellanies: “An 
Oxford scholar meeting a porter who was carrying a hare 
through the streets, accosts him with this extraordinary 
question: ‘Prithee, friend, is that thine own hare or a 
wig ? ’ ” Similarly, the proof that every cat has threetails, 
because no cat has two tails and every cat has one more tail 
than no cat, turns on ambiguity of terms. 

It is probably impossible to enumerate all possible 
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sources of ambiguity, and the reader will readily suggest 
many others to himself. W e will here only notice one more 
in which the ambiguiiy is rather in a phrase than in the 
sepai-ate woi’ds of that phrase. Words when united fre- 
quently have together a compotmd meaning which a mere 
union of their separate meanings will not gire. That is to 
say, the force of a word depends partly on the context in 
which it occurs. Thus, “ a person undertakes to cross a 
bridge in an incredibly short time : and redeems his pledo-e 
by crossing the bridge as one would cross a street, that fs, 
bytraTersing the breadth. Now, though it is true that, in 
general, to cross is to go over the breadth, or shorter dimen- 
sion, yet, in the case before us, the phrase is elliptical and 
signifies crossing the river upon the bridge. Nor can it be 
said that this common meaning is incorrect ; that which is 
common and well known-is, in language, always correct.”^ 
(iii) Pignra Dictionis.— The Fallacia Figurae Die- 
tionis or Fallacy of Figure of Speech denoted with Aristotle 
a sophism which might arise from supposing words sitnilgT 
in form to be similar in meaning; e.y. that poeta is of the 
femimne gender because most Latin words with the same 
termination are so. The following invalid argument from 
Mill’s Utilitarianism seems to fall under this head. “ The 
only proof capable of being given that an object is visible 
IS that people actually see it. The only proof that a 
sound IS audible, is that people hear it. . . . In like 
manner, I apprehend, the sole evidence it is possible to 
produce that anything is desirable, is that people do actually 
desme it.” Here MiU assumes that the meaning of ‘ do- 
uble’ is analogous to that of ‘visible’ and ‘audible’ 

> means ‘able to be seen,’ and 

, audible able to be heard’; while ‘ desirable ’ does 

desirS^^^ desired’ but ‘what should be 

The fallacy has been extended to cover other perversions 
ot ^mmar, as in the traditional example : “ What a man 
TOlks on he tramples on ; this man walks on the whole 
day; therefore, he tramples on the whole day.” This, it 

* p. 246.. * ,ck Maekenzie, Manval of Ethics, pp. 98-99. 
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will 'be seen, is only another form of / 

„ and the fallacy does not differ in essence 
;' ; The inost imp'o^^^ heaff^^r4h0i^m 

which error aiises from the nse of paronyms or conjn^te 
words, as different parts of speech derived from the same 
root. As Br. Bavis points out, These have by no means 
similar meanings, e,g. ‘ Artist, artisan, artfnl’ ; ‘ Pity and 
pitifur ; ‘ Presume and presumption * ; ‘ Project and pro- 
jector * ; What is ‘ imaginary ’ is unreal, but an ‘ image ' 
formed of wood or stone is real; To ‘apprehend" is to lay 
hold on, or to come to a knowledge of, while * apprehen- 
sion ’ often signifies fear or dread.”i So, to be ‘artful ’ is 
not the same as being filled with artistic appreciation; an 
artful lover is not necessarily a lover of art. 

Mill instances “ the popular error that strong dri nlr must 
be a cause of strength^^ as an example of this fallacy, and ' 
one which involves the further fallacy of supposing that 
an effect must be like its cause — ^using the woi'ds in their 
popidar sense. People who fall into this error should, as 
Br. Bavis suggests, try strong poison; which is, perhaps, 
exactly what many ardent teetotallers would say they are 
doing. This fallacy, like the last, is an offence against 
the rules of definition, and when employed in syllogistic 
argument gives rise to the fallacy of four terms. 

(iy) A dicto simpliciter ad dictum secundum quid. 

A dicto secundum quid ad dictum simpliciter.—These 
taiiacies are converses of each other, and their essence is 
the confusion of an absolute statement with one limited or 
qualified in some way pertinent to the matter in hand. In 
other woi’ds, the essence of the fallacy is a failure to deter- 
mine definitely the force of our terms, that is, it is a fallacy 
in definition. 

The traditional example of the first is: “ What you 
bought yesterday you ate to-day ; you bought raw meat 
yesterdjry ; therefore, you ate raw meat to-day,’^ where the 
iallacy lies m not making clear that the ‘rawness ’ is not 
regarded in tlie major premise as a relevant circumstance, 
and then assuming it to be relevant in the conclusion. On 


^ Tlmry of Thoughtyig. 270. 
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tMs example De Morgan remarks: “ TMs piece of meat has 
remained uncooked, as fresh as ever, a prodigious time. It 
was raw when Eeiseh mentioned it in the Margarita FMh^ 
sopMca in 1496; and Dr. Whatelj found it in just the same 
state in 1826.’^^ 

An example of the converse form is : Everything which 
is harmful should be forbidden ; wine is harmful ; there- 
fore, its use should be prohibited,” where the conclusion 
omits the tacitly understood, but very relevant, condition 
in the given minor premise of immoderate use. 

Under the saine head must be included arguments which 
illicitly conclude from a statement qualified in one way 
to one qualified in another way. These may be called 
fallacia a dicto secundum quid ad dictum secundum alterum 
quid. An example would be to conclude from the assertion 
—whether true or not — ^that to take life in sport is cruel, 
therefore, to eat flesh from which life has been taken by 
others is to show a cruel disposition. This is to infer 
from one special case to another special case differing 
fmm it in circumstances distinctly relevant to the ques- 
tion of intention, which is the point under discussion. 

All the fallacies which attempt the substitution of a 
thing in one form for the same thing (as it is called) in 
another, belong to this head: such as that of the man 
who claimed to have had one knife twenty years, giving it 
sometimes a new handle, and sometimes a new blade.*’**” 

An amusing example of arguing a dicto simpliciter ad 
dictum secundum quid is contained in the following story : 

A servant who was roasting a stork for his master was 
prevailed upon by his sweetheart to cut off a leg for her 
^ - Wflen the bird came upon the table, the master 

desired to know what had become of the other leg. The 
man answered that storks never had more than one leg. 

I he paster, very angry, but determined to strike his servant 
dumb before he punished him, took him next day into the 
nelds where they saw some storks, standing each on one 
mg, as storks do. The servant turned triumphantly to his 
master ; on which the latter shouted, and the birds put 
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down their other legs and flew away. ' Ah, sir,^ said the 
seryant, ‘yon did not shout to the stork at dinner yester- 
day : if you had done so, he would haye shown his other 
, leg too.’'^’:^ ■ ■ 

More serious instances of the same fallacy are found in 
applications of abstract general rules to particular con- 
crete cases without taking account of any modifying 
circumstances that may exist. It is easy to fall into errors 
of this character in the application to special cases of 
general rules of either social or indiyidual life. Hence arise 
many wild assertions on economic and social questions. 
The argument, for instance, that because employment 
of labour is beneficial to the community, therefore, un- 
employed workmen may wisely be set to do work of an 
entirely useless character, merely to find them employ- 
ment, is an example of reasoning a dicto secundum, quid 
dd dictum sim^liciteT, as it omits in the conclusion the 
relevant condition without which the given premise is 
false— that the work must be productive of some utility. 

So too, the application of the ‘ common sense of our 
ancestors ’ embodied in proverbs is very liable to involve 
the fallacy of arguing a dicto simjpliciier ad dictum secun>‘ 
dum quid. “What man has done man may do’ ^ we are 
told for our encouragement; hut it scarcely seems to 
follow that each one of us is capable of thecoming a 
Shakespeare or a Hewton. So “a rolling stone gathers no 
moss ” scarcely justifies us in inferring that every com- 
mercial traveller must starve. 

De Morgan points out that “ the law, in criminal cases, 
demands a degree of accuracy in the statement of the 
secuTidum quid which many people think is absurd.” ^ He 
then gives two instances which he discusses at length. 

In the first, a man tried for stealing a ham was acquitted 
on the ground that what was proved against Mm was that 
he had stolen a piece of a ham. In the second, a man was 
committed for perjury “ in the year 1846 ” and the judge 
admitted the objection that it ought to have been “in the 
year of our Lord 1846,” De Morgan argues — and it seems 

^ Boccaccio : The Decrnierm, * Op. cit., p, 252 
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to US conclusiYely— -that in the latter case the secundum 
quid is unessential, for “as things stand, there is no 
imaginable difference : for there is only one era from which 
we reckon.*'^ But in the former case the difference between 
the two descriptions is material. For suppose that the two 
descriptions were put before two different persons. “ One 
is told that a man has stolen a ham; another that he has 
stolen apart of a ham. The first will think he has robbed 
a provision warehouse, and is a deliberate thief : the second 
may suppose that he has pilfered from a cook-shop, 
possibly from hunger. As things stand, the two descrip- 
tions may suggest different amounts of criminality and 
different motives.’^® 

(v) Compositio and Bivisio.— The fallacies of Oow- 
position and Division are converses of each other, and are 
most conveniently considered together. The error consists 
in joining together things which ought to be kept separate, 
or in separating those which ought to be kept conjoined. 
In other words, there is confusion between the collective 
and the distributive use of terms.® To take Aristotle’s 
example: “ Two and three are even and odd ; two and 
three are five; therefore, five is even and odd” ; which 
commits the fallacy of composition. Similarly, three and 
five are (together) four and four (together) ; but neither 
three nor five is four; and such an inference would be 
vitiated by the fallacy of division. 

Such examples are obvious, but they do not differ in 
essence^ from the argument given by Mill in support of 
utilitarianism. He says : “ hTo reason can be given why 
, p the general happiness is desirable except that each person, 

i • ^ * ; as far as he believes it to be attainable, desires his own 

1 1 ? happiness. This, however, being a fact, we have not only 

all the proof which the case admits of, but all which it is 
possible to require, that happiness is a good : that each 
, person’s happiness is a good to that person, and the 

^ * general happiness, therefore, a good to the aggregate of 

all persons.” ^ It would be difficult, as Professor Mackenzie 
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says, ** to collect in so sliort a space so many fallacies as are 
here committed. ^ There is a fallacy of equivocation in the 
word ' desirable,’ here used by Mill in two different senses. 
Blit it is with the last part of the argument that we are 
now concerned. It is an obvious example of the fallacy of 
composition. Put symbolically it is — d desires the liap- 
piness of A, B that of JB, 0 that of 0, etc., therefore A 
desires the happiness of k + B -b 0, so does B, and so 
does 0, which is about equivalent to arguing in mathe- 
matics that ct-x *4* hy -b (a -b h -b c) (^x -b y "b ’ 

The converse fallacy of division seems to lurk in many 
of the arguments brought forward in support of an 
encyclopaedic curriculum f<nr all schools. That a know- 
ledge of this, and that, and the other subject is necessary 
to the community, therefore, that all those subjects should 
be taught to each member of that community, isthe line of 
reasoning frequently adopted, as, apparently, by Mr. 
Herbert Spencer in the First Chapter of his book on 
JEJducation. 

The most common form of the fallacy may be reduced 
to an implicit confusion between a diisjunctive and a 
copulative proposition.^ Thus, the spendthrift, falling into 
the fallacy of composition, argues ‘‘I can afford a or b 
or c or . , . !», therefore, I can afford a and h and c and 
. . . 0 .” On the other hand the converse fallacy of divi- 
sion is often found lurking in the argument by which a 
miserly person refuses to subscribe to any charitable object. 

I cannot afford to subscribe to a and h and c and . . . z, 
therefore I cannot afford to subscribe to a or h or c 
or . . . zJ* 

The ambiguity of the word ‘ all’ is a frequent occasion 
for this fallacy. As Be Morgan says: *‘It must he 
remembered that the word all, in a proposition, is not 
necessarily significant of a universal proposition i it may 
be a part of the description of the subject. Thus, in ‘ all 
the peers are a House of Parliament,’ we do not use the 
words all the peers in the same sense as when we say ‘ all 
the peers derive their titles fium the Crown.’ In the 



^ See Manned of Ethics, 3rd Ed., p. 219. 
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second case the subject of the proposition is peer ; and the 
term all is distributive, synonjmous with each and every 
In the first ease the subject is all the peers, and the term 
all is collective, no more distinguishing one peer from 
another than one of John’s fingers is distinguished from 
another in the phrase ‘John is a man.’ The same re- 
marks may be made on tlie word some; in * some 

peas are dukes,’ and ‘some peers are the committee of 
prmleges/ ^ ui 

The unhappy and ungrammatical custom which has 
pown up of late years of using a plural verb after a col 
lective nouiLOTen when the action is that of the corporate 
body, ^^/‘The Senate recommend that such a course be 
pursued tends to confuse the important distinction bl 

■“« ‘lx** 

^ Op, ctX, p. 248. 


CHAPTEE YII. 
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1. IjOgical Bivision. 

(i) Geneml^ Cliaracter of Bogical Division — Logi- 
cal Division is tlie analysis of tlie denotation of a 
term. 

By this is not meant an enumeration of the individuals 
which form the class of which the term is the name, hut a 
statement of the sub-classes into which that class can TSe 
divided. In otlier. it is the splitting up of a p-ehns 

into its constituent s-^ies . ' ' 

“^le genus which is divided is called 
ov divided wTiote; the species, into which it ~is 

are styled ihe^mbm dimAimf, 

we tMnk of an attribute whic.Ti 
rome_ofite an^ not hv 

and this sugges t s the 

tliedwhion , , 5 •* r ’ h I |.J4 ! * U ( ' m 

’The same geans may obviously be '^iUw on several 
different bases into different sub-classes, according to the 
, attributes on which the division is founded. Thus, triangles 
If may be divided into equilateral, isosceles, and scalene 
I where the basis is the relation of the sides to each other in 
f length; or into right-angled, obtuse-angled, and acute- 
I angled, where it is the size of the angles. So^ the various 
of terms are analyses of the same gmm on dliffAr: 
^^,SiS8g-_, ..„S3|ffll_JE£L..^®g^Sius is thus ^divided in 
Merent ways, tI^-pra(»srir^GMgS?oT7^ 
ctoses obtained by co^dimidh more oTiesTo^ aiTSS:;^, 
.eyeij. member o;::t^.aMu8 musTS 
ga^JP- each dirision, and the classes obtaine d on ona~i;;;Si« 
mij.SSt„correspond,gactlv. it at all, with ty ds ’ e reshTi ^ if i" 
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’ from another. If they did coincide the supposed difFci- ATif. 
'i bases would reallT be onelBase . ” ~ ~ 

^V^en the. claves resu^^ from an act of division are 
tbemselves again divided into their sub-classes ve perform 
an 'act of Swh-division. These sub-classes may be a^ain 
sub-divided, and so the process may go on till n'e reach 
inflmae species— classes, that is, which are only capable of 
being split up into individuals. * ' ' 

Of coui-ae, in every step of a sub-divisioUj we must have 
a'.new basi^f division, for each step exhaustsTts own basis.l 
havinglffividedJfaTaiiigles into ecjuilateral, isosceles' 
§ad. . scalene, it is evident that we cannot sub-divide aiiy 
of these classes on the basis of the' relative lengths of then- 
sides. But if we tahe a hew basis we may continue the 
analysis ; for instance, we may sub-divide both isosceles and 
scalene triangles on the basis of the size of their angles into 

;nght-afflglea-isdsMes',bbtus'e-angled'-isosceles,acufe-anff^^^ 
■isosceles ; ^ rmht-a«gled-scalene, obtuse-angled-scalene,“"and 
/acute-angled-s^ene. Or, if our original basis was the size 
! pt the angles, then we may sub-divide acute-angled triangles 
, into acute-angled-equilateral, acute-angled-isosceles, Ld 
acute-angled-scalene ; while right-angled and obtuse-angled 

I triangles may be divided into right-angled-isosceles, rilht- 
. obtuse-angled-isosceles and obtuse-angled- 

progressive; it should proceed 
at a time and omit no intermediate species. 
Hence the old logical rule Btvisio non faciat saltum-^BiYi- 

ia broken we 

‘+^ L 1 ^ that some of the members of 

start to divide find no place at aU in anv of 
themembera into which we have divided it; for in omit- 
clafo class the distinctive marks of that 

F°baWy at the same time have been overlooked 
W “arks, but not posseS 

* division. Every subject is treated more Is^ ^nd Smf 
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prelieiided more tliorougliij when its various parts are 
arranged in an orderly way. Division, in fact, adds clear- 
ness to our notions, as definition makes them distinct. 
As compared with ^ definition, however, logical division 
is a secondary and indirect process, for it is a necessary 
assumption of formal logic that the connotation of a 
class term determines its ^denotation. We do not select a 
objects indiscriminately, and then seek for some 
attiibutes common to them all, which may form the con- 
notation of the class- name we affix to them. We start 
from the class-names of ordinary speech and from the 
more or less definite meaning attached to them, aad then 
melude or exclude indiriduals from that class in accord- 
ance with their possession of, or want of, that meaning. 
j advances the meaning becomes more 

definite and exact, and the application of the term is 

precise. This is practically 
process m some instances than in 
otfiers, but, formally, we must assume the class to he 
always determmed by the connotation and not by the 
denotation. Besides, division must presuppose more or 
kss complete definitions of the names' of thi species LZ 
which a given genus is to be divided; for it is only hv 
app^lto such definitions that we can determine a findl 
mentum divisimis-, while, every definition of a species^tem 
perjemis d differenttam suggests such a, fundaJmtum. '' 
Hence, we also see that no division can be purely formal 
to knowledge outside tfo matter 
bpZZtr,^^-^^ simply given a genus we cannot even 
beam to divide it; for, of necessity, the attributes which 
separate one sp^ies from another can form no part of the 
connotetion of the genus. Every such attribute must he a 
separable accidens of the genus, and can only be known by 
an appeal to sources of information other than the conno^ 
tetion of the name of that genus. Moreoyer fwX 
division to he of any practical use, this appeal must be to 
the objects themselves which are included in the oenus’ 
for only thus can we be sure that we are dealfnfS 
really existing classes of things. Thus, every ffiyS 
coutams, at least to some extent, a material element. 
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Tliat element, without wliicli the formal process cannot 
start, gives the basis of the division. Formal 
division, therefore, is inadequate for the purposes of 
modern science, which has developed elaborate schemes of 
classification. These, however, rest on and assume the 
formal principles of the earlier process, just as all thoiio-ht 
assumes the fundamental postulates of Imowledge *we 
discussed in Chapter II. We shall do well, then, to con- 
sider division before going on to deal with classification, 
and in doing so we shall be following the order of historical 
as well as logical evolution. 

(iii) Operations somewhat :reseii3.Mmg Logieal Di- 
vision.— -As a logical division is the analysing of a 
genus into its species it follows that only general terms 
can appear in it A singular term cannot be divided, for 
it IS a name applicable in the same sense to one individual 
only; and the logical meaning of an < individual^ is that 
which IS incapable of logical division. And the division 
must stop at infimae species ; for to go further would be to 
enumerate individuals, and this, as has been already pointed 
out, is not logical division. Hence, Logical Division must 
be carefully distinguished from 

(a) Fhysical Partition, which is the splitting up of an 
mdmdual into its constituent parts ; as, for 
instance, a ship into hull, masts, sails, rigging, 

(h) ConcepM Amdysis, or the enumeration of the 
of a class or of an individual; as 



, , — ciii j.uuiviauai; as 

; 3 1 : ' • j i ' ! ^ name whiteness, ductibility, mallea- 

1 1 1 A 1 bility, etc., as the attributes of silver 


mWBistmcMon of the various meanings of an equi^ 
when we distinguish between 
vice meaning a moral fault, and ‘vice,^ a 
mechanical tool. 

mpW ^Tision the genus can be predicated of 

Ses u' iadividual member of those 

d^mtion of % ^es involves the genus. For instance, 
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if we ^vide animals into men and brutes, we can predicate 
ot each man and of each brute that he, or it, is an animal, 
in none of these other processes, howerer, can the whole 
be predicated of the parts. We cannot say ‘A mast is a 
^^ip, 01 Whiteness is silTer.’ In the case of Distinction, 
01 course the same verlal symM can be predicated of each 
15® “g® = ‘ TMs tool is a yice,> or ‘ This fault is a 

tie same definition— that is, the same conno- 

thP IJw P^®<ij°ated, which shows that it is not 

the same logical term which is predicated in each case. 

illustrates anew what was said before — that an 
quivocal term is really and logically two or more terms.* 

,. of logical Bivision. — That a valid 

I. Each act of division must have only one basis. 

^ tirwholT^^^ i5<iyet/«er co-extetisive with 

III. If the dwision he a continued one (i.e. embrace 
more than one ste^), each step must be, as fan as 

possible, a proximate one. ><^faras 

briefly : The division must (i) avoid cross division 
^ Evidently only 
the thhd Zt P*f apply to a sihgle act of dirtsi^^ 

• 1 .— Tills principle is fundamental and reallv 

implies the other two. A division made on moiVthnn 

Wn tffr worthless. It would be nearly ^^r- 

tam to include some mdmduals in more than one sub- 
class, so that the total denotation of the species would 
h. MpareiUj grater thm tt, denototio. ofS ffiS 

fall ^ aoute-angled, every possible triangle would 
fall into one or othei- of these classes (for everv eouilXal 
tnangle is acute-angled), but some would fall into more 

*Cf. p. 20. 
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than one; viz. those wHcli are acDte-angled-isosceles and 
those wMcli are acute-angled-scalene. 

But we have no guarantee that the opposite fault will 
not be committed and the division be made ioo narrow' hy 
the exclusion of some individuals from everj sub-class. If 
we divided triangles^ for instance, into equilateral, obtuse- 
angled, and right-angled, we should not, indeed, include 
an j individual twice, but we should exclude all acute- 
angled-scalene and acute-angled-isosceles triangles. Our 
division is too naiTow. Terj probably both faults will be 
committed; some individuals will beuncluded more than 
once and others omitted altogether. Thus, if we divide 
triangles into equilateral, isosceles, and right-angled we 
include right-angleddsosceles triangles twice, and exclude 
obtuse-angled-scalene and acute-angled- scalene triangles 
" ; 'altogether.' 

It may, indeed, occasionally happen that a division may 
be made on two ostensible bases and yet be practically 
aoourate.^ But it is only in the exceptional instances when 
one attiibute solely involves, and is solely involved by, 
another that this can occur. And then, as has been 
said, the two apparent bases are really one. For example, 
a division of triangles into equiangular, isosceles, and 
" scalene would be both exclusive and exhaustive ; but that 
is simply because all equilateral triangles, and they only, 
are equiangular, and so the division coincides with one 
made on the single basis of the relative lengths of the sides. 
Only when we have but one basis of division can we be 
sure that our suh-classes are necessarily exclusive of each 
other-— that no individual can be placed in more than one. 

. Principle II. — ^We have seen that a violation of the 
^st ^ principle is apt to lead to a too narrow division, 
if* exclusion of part of the denotation of 

he whole from each of the sub-classes. In practice the 
same fault may be committed, even if that principle be 
rigidly adhered to; for it is possible to omit one or 
, more of the sub-classes in any division. We should get 
; j too narrow a division, for example, by dividing triangles 
f|l^|?Mw^torai‘and,s(^ene, and omitting isosceles. 

^ narrow divisions are of men into 

M » ‘ ^ i : 
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good and bad, of books into instructiye and amusing, of 
objects into useful and ornamental. In such simple cases 
as these tlie fault is not likely to be committed, but when 
we are dealing with matter as complex as nature continu- 
ally presents to us it requires great cai*e to ensure that we 
have made a com;plete enumeration of all the species con- 
tained under a genus. This, of course, depends on our 
knowledge. It is only when that is adequate that our 
division really coincides with the distinctions existing in 
the world. And often we do not know the degree to which 
our knowledge is complete. So we see that logical division 
really is an arrangement of our thoughts according to our 
knowledge — -an arrangement which may be of any degree 
of coincidence with the system of nature. It is here that 
we see both its inadequacy for science and its basic re- 
lation to the classifications of science, which are of neces- 
sity arrangements not only of things but of men’s thoughts 
of things. 

The opposite fault is to make the division ioo wide ; that 
is to include among the species some objects not denoted 
by the genus. This, again, is not hkely to occur in simple 
cases j few, ^ for example, would think of dividing coins 
into gold, silver, bronze, and banknotes. But an indis- 
tinct ^ apprehension of the connotation-~-that is, of the 
definition — of any of the terms , we employ in our division 
may lead to this fault when we are dealing withiconiplex 
matter. ^ ^ 

It is plain that if this rule is broken we have not really 
divided the genus at all; but either only a part of it— 
when the division is too naiTow ; or the genus and some- 
thing else as well — ^when the division is too wide. In a 
true division ^ the sum of the denotations of the species 
exactly coincide with the denotation of the whole; and 
only when this is the case has the genus given' been 
really and accurately divided. 

These two related principles may be summed up sym- 
bolically. ^ 

If a genus, (?, is divided on the basis, D, into the 
species, ^2 - - - Bn , then D appears in each species 
m a special form, dj - - • dn. ^ 
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Tlien tlie first principle gives 
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And tlie second demands that in denotation 

. . . 4 

Principle III. This has been already discussed when 
It was remarked, diyisw no7i faciat saltmn, and it was 
pomted out that a violation of it usually leads to a division 
being too narrow. 

I 3. Division by Dichotomy .~~A Logical Division p.nn 
be assured of absolute/omaZ vaHdity when it proceeds bv 
dichotomy, that is by division at every step into a positive 
term ^d ite wraesponding negative. Thi.s 
te9,l l y Mriectj o^j g wholly bas edon the 
Oo n tradTct i mn a ,n d Tlvcln d ed Middl^ ii«Eies.ot 

bAt£° dichotomous, or bifid, classification can always 
be thus formed, and it can never violate any of tlm 
principles lusrt considered. But in relation to reaf thought 
about real things it hes open to the objections ° 

f * ®“\,step, one of the sub-classes— and 
that frequently the largest ; viz. that denoted by 
^ negative term— is entirely undefined in ite 
extent ;_and,_ no matter how far the process of 

, j , , , i ^Fied, the last term must always 

. ; H , ^ , be formally left thus indefinite ^ 

e^^tirely hypo- 

thetical; the division does not guarantee the 
existence of any of the sub-classes. 

* That excessively cumbrous. It seems absurd 

j ^ u «^®»sses when it evi- 

dently falls naturally into some other a^d 

f U-?! f ^*fa^r+w of species, and to’do so 

J^IIHiiiordmatev 
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We may illustrate the process by the following 
examples ; — 


Eurojpeans non-Europeans {if any) 


Frenchmen 

L 

oidiers non -soldiers [if j ^ V'. 

Men llil )‘^)i 

Europeans non-Europeans (if any) ^ 


Asiatics non- Asiatics [if any) 


Africans 


non- Africans (if any) 


A Xi ^ ^ ^ . I 4 ^ 

Americans 


Polynesians non -Polynesians (if anyf 

It is evident that these, like all other divisions, in so far 
as they not hypothetical, have material bases. It fs bv 
appeal to the waWer that we know that some men are 
Europeans Even then, the existence of non-Ei^^operns 
IS hypothetical unless we make a further appeal to outside 
matter. Sumlarly, ‘Frenchmen ’ is ‘not part of the con- 
notation of _ Europeans— we must againXpeal to 

partly materM, or wholly 
hypothetical, and it is evident that a purely hypothetic^ 
division IS of no practical use. ^ ^ypoineticat 

' Of. the Tree of Porphyry, pp. 43*44. 
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In all strictly dicliotonious division we must, at least, 
finisli with a hypothetical term of whose existence, or non- 
existence, the division leaves us absolutely ignorant Every 
division may be reduced to dichotomy, but, as was said 
above, it is absurd to do this when we know definitely the 
number of sub-classes to which our basis of division will 
give rise. Thus we may make the division 

Triangles 


equilateral * non-eqiiilateral . 


isosceles non-isoseeles 


scalene non-scalene 

We know that the last class does not exist, for equi- 
lateral, isosceles, and scalene form a complete enumeration 
of the species of the genus triangle on this basis of 
division, and these species are co-ordinate. This shows 
however, that every division on one basis into more than 
two sub-classes may be expanded into several successive 
divisions on slightly different bases. But to do tins 
obscures the fact that they are co-ordinate in relation to 
the original genus. 

Dichotomy may at times be found a useful mode of 
testing the validity of a division — particularly in discover- 
ing whether it is exhaustive—and in finding the position 
: ’ assigned class. Thus, in the Analytical Key pre- 

( t ^ fixed to Bentham’s British Flora, which is intended to 
enable anyone who has a specimen of a certain plant 
before him to discover its species and its technical 
. , name, the arrangement is nearly entirely dichotomous 
1 1 ^d, for such a purpose, this form is the most useful! 

■ dichotomy as a final arrangement would 

example, starts at once with 
. gems ‘ plant,’ viz. exogens, 

■ eudogens, aerogens, and each of these is sub-divided 


S'*] NATtJBll CiiASSIBICATIOKT. 81 

into valuing numbers of orders, and these again into still 
turtber Tar;^ng numbers of genera, and so on, with little 
or nn regard to diohotomj, the object being to Tna.TrA the 
classifiation agree with the distinctions existing in the 
plants themselves. ^ 

B may be added that eveiy definition per genus et 
diiermtiam suggests a division by dichotomy, and, con- 

supplies us with a definition 

4. Wature of Classification.— We have seen that 
logical division IS the analysis of the denotation of a term 

to grounds, though aU reference 

to mateiial considerations cannot be avoided. Such a 

to little utility by itself: it limits thought 

in ?astCTv°oA*?“*’ prompt it to advance 

on Z r^- definition builds 

on the old foimal basis of genus and difference, so scientific 
classification is founded on the principles of formal division. 
B goes beyond it, in that its essential interest is in the 
actual things of the world and their relations to eS 
other, but it does not discard its principles, for if it did 

w f it presented would be nullified 

by inteinal inconsistency. Every classification seeks its 
material in the world, but it only represents that materiS 
®'i®u stand the test of formal validity 

Olaesifacation is systematic arrangement, and is thus at 

once the am of pence and, even in an incomplete stage 
advance. B reduces the bewildermg 
variety of nature to some semblance of order, seekS“f 
group together thmgs according to their likenesses and to 
sepal ate them according to_ their differences, and that in 

SooL te^hmd profitable ior the 

purpose m liana. There is no question for lode of an 

^tual aiTangement of real things in space fnd time 

That, of course, may be made— as of the obiects in a 

museum; but such physical arrangement is only the ex 

a system already constructed i/thought' 

“e^tal systematisa- 
tion that science, and consequently logic, are concerned 
i.n. ^ 


u 
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The work of classifying the real thiiigs 'of the world is 
evidently one of extreme complexitj, which can only he 
accomplished little by little. The most obTions divisions 
have been made in the past and are einbedded in langiiage. 
Every general name marks a classing of ’ like things. But : 
these classes are not only in many cases somewhat indeter- 
minate in their extent and vague in their outlines, but they 
generally stand in no definite relations to each other. A 
lexicon of common nouns is in no sense a classification of 
things j it gives us names of unrelated groups. 

If, then, we take as a starting-point the name of a wide 
class of objects, say ‘pIants,Vhow shall we proceed to 
group the innumerable plants which exist in the world ? 
Here again the initial work has been largely done for us. 
Language gives us many groupings of in^vidual things of 
very different degrees of generality. So we can speak of 
cabbages as well as of vegetables, of roses as well as of 
flowers, of oaks as well as of trees. These were the first 
rough genera and species. The subsuming of them all 
under the highest genus * plant ’ was a great and fruitful 
step in generalisation. 

Such groupings were originally based on external resem- 
blance ; and the history of science presents many instances 
in which more exact knowledge has removed whole classes 
from one wider group to another ; even from one highest 
genus to another, as when sponges were found to be animals 
and not plants as had previously been assumed from their 
general appearance. 

Moreover, such groupings have been made without any 
particular obj^t,^ The things are massed together first 
because their similarity in some respect lias been noticed. 
But if we set out to think exactly, it is always in reference 
to some special pu^ose. So we want to group the things 
about which we think in reference to that purpose. If we 
want to classify plants according to their medicinal quali- 
ties we shall take as our basis of division quite different 
qualities from those we should choose were it our object to 
arr^ge them according to their values as foods for man 
and beast. Th^ former of these would interest the doctor, 
the^fanuer arid market gardener. Neither would 
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dTIONS, 

the' 


, . . the Tan( 

Ja<M 

„ ''^;^ s last is, obfib-usWtlievdiia 

sren^al’ it. therefore, best shows their plac^ the 

CS •» »"»" 

classiliMHnJ* pla# and the mineral world; a chemical 
covers from its own point of view everv 

w^l olVSiftll f ^ «P as it 

a-nnZ^J^ I'^ater-tight Compartments, to each of which corre 
spends a science, has had to yield to the view of one c^. 

separatelsiwf^'^’-Fr^ rh “an can only study in 

SZ‘2”iiit'j“‘ “*, “»e>P»«a» to no 

for medicine it might be ‘ drags ' ^ 3^st as 

Csl^^SSrSt 

s“r£^?isr« 
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it lias, or lias not, impoi^ance in A v^iy familiar 

instance is the alphabetical arrangejnent which is found to 
be most seiwiceable in dictionaries, libraiy catalogues, and 
indexes of boohs, the sole purpose of which is to indi- 
cate where a certain word, book, or statement, is to be 
found. At each step the alternatives are quicklj narrowed 
down until we are led with certainty to the object of our 
search... , 

Useful as such an arrangement is as a key, there its vali- 
dity ends. it is founded on a conventional distinction; 

„ .its value is confined to the language in wliieh it is written* 
it does not admit of any general statement being made 
about any of the groups which are formed. The Jf group, 
for instance, may— like Monmouth and Macedon— have 
practicallymothing in common except their initial letters. 
Nor does it form a permanent part of the results of the 
investigation and research to which it is subsidiary. 

An alphabetical arrangement is impossible where the 
number of objects to be classified is quite indefinite. Then 
a less simple method is needed to ensure a speedy identifi- 
cation. d ims the animal and vegetable kingdoms comprise 
innumerable individuals, aiul it is desirable for the pur- 
poses of study to be able to identify and name any o-iven 
specimen. Since, from the nature of the case, there are no 
conventional marip, it is necessary to choose as distin- 
guisliing chai'acteristics some property or properties of the 
objects themselves. Any easily recognisable attributes 
v^iiich are suffieientlj distinctive will answer the purpose : 
they are not ehosen for their intrinsic importance, but 
^lely as convenient descriptions of the objects specified, 
borne classifications of the eaidier naturalists were 
ot tms kind. Linnaeus, for example, arranged plants into 
twenty-four classes distinguished by the number or by 
some other simple characteristic of the stamens. This 
was of great service to the student, who by a brief exami- 
nation of the stamen and pistil was able at once to assign 
a new plant to its proper place. ^ 

service is rendered by such an index to a more 
.^xentifie classificatm as the analytical key prefixed to 
Benthams Bora, The object is still to enable us to find 
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the name of a plant of wliicli we have a specimen be- 
fore us, As an arrangement with only two alternatives 
at every step is found to ofe the most ready means for 
attaining this object^ that is the plan almost exclusively 
adopted. Thus/ flowering plants are first divided into 
those whose flowers are compound, and those which are not 
compound. Then the former are sub-divided into those 
with seed, and those with more than one; and the 
latter into those in which the perianth is single, and those 
in which it is double; and so on. Here we see a direct 
application of the most formal kind of division — that by 
dichotomy. 

A dassification which serves as a key to a more general 
ciassihcation is generally called a Diagnostio Classijicatioii. 
himh classifications have been called Artificial as opposed 
to those based on deep knowledge of nature, which have 
been termed Natural The distinction originated in a 
doctrine, now exploded, that ‘natural kinds’ existed in 
nature which were sharply and definitely separated from 
one another by an unknowm and indefinite number of per- 
manent di^erences, and that a natural classification should 
correspond nn its divisions to such natural groups. All 
other classifications were regarded as arbitrary and, tliere- 
lore, artificial. But no such fixed divisions do exist in 
nature, and the distinction as originally conceived conse- 
quently fails to the ground. The names, however, are still 
otten retained, and then they correspond broadly to the two 
divisions we have made. 

• terms is that the distinction they 

indicate by their meaning is not clear. For in a sense all 
classification is artificial : it represents that mental otoud 
mg most convenient for our purpose, and is bas'^ed on 
q iiaiities selected with reference to just that purpose. And 
*1 1 alphabetical arrangement is purely 

artificial because it is not based on attributes of tlieobiects 
lemselves, an analytical key will scarcely be called natural 
because it has such a basis. It remains a device or artifice 
for a special purpose in spite of the fact that the marks of 
identi&cation are souglit in tlie nature of the obiect, and 
aie not imposed from without. The distinction between 
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artificial and natural classifications ig tliea one of dep-rAA 
and it would be well to discard the terms altogether. ^ ' 

_ 6. General or Scientific Classifications.— The aim of 

all soimtifie clapifieation is to group objects in tbono-lit 
according to their actual affinities. These affinities as hS 
been said, are many and differ according to the’asnSt 
tinth under consideration. The grouping of plants 
according to thmr poisonous qualities would be different 
fiom the botanical groupmg. But plants only come into 
the former classification ineidentally-they are ^t Bia 
reason and justification of its existence In the bof-^n' i 
classification aey hold the supreme positi^m V^ouJ 

knowledge of the world needs to embrai^ the form» rria! 
tions as weU as the latter; and it would he absurd to sav 

Yet, as we have seen, certain classifications agree nio«+ 

tSPS and obvious groipbgg of 

t lings. 'Hie botanical is thus the most natural cLssffica 
tion for plants, and mdeed the only one which regards tTiom 
simpljr as plants. But it is as pl4ts that Sev^h^ ™ ^ 

place in existence; as drugs or as food +w7 - 7 
reg.rded not in ilnnlf, taf it fal*? ST* 

ninn ot Miin«l. So the 

may be regarded as more fundament ^ 

nature of the things themselves. «“ec«JTOh the 

nnK’oU S'" ‘'““■npl.te 

ckssifi^tion aims at setting out truly relationf ® 

^ ss f' £” in ^:*sr4r is 




,§ 6] GIBNEBAL OE SCIBB-TIPIC CLASSIPICATIOISrS. 


87 


The difficulties in the ' way, of classification are great. 
Logic, of course, can noTer tell nswliat attributes should 
■ be cliosen, as the basis of a division. Wide and intimate' 
acqnamtance with the department of knowledge concerned 
will alone enable a wise selection to be made. For the 
problein is tlm same as that of framing a scientific defini- 
tion, Just as in common speech every general name marks 
a ^class, so, but with greater accuracy, does the definition 
which results from scientific research. But we have seen 
how intractable to exact determination are physical ob- 
jects, whether organic or inorganic. In the last resort 
we are left, say in the case of a chemical element, with 
riie co-existence of certain properties, and in the case 
01^ a iiving thing, whether plant or animal, with the co- 
existence of certain characteristics without any apparent 
connexion between them. hTow we desire to hold together 
in. tiiought those things which really resemble one another 
and It becomes essential to determine which collocation of 
attributes most truly represents their nature. In other 
vroids, we Jiave to ask what attributes are the most impor- 
tan| and on what principle, if any, are they to be selected. 

lire history ot classification shows that men of science 
have long^ been groping their way towards answers to 

these questions, and that only in comparatively recent times 

has a satisfactory principle been suggested. 

At first only the most obvious resemblances were noted 
Thus we have the ancient division of plants into trees* 
shrubs, and herbs ^ And for a long time the tendency was 
to seek out the obvious and the superficial, and to count 
rather than to weigh characteristics that appeared alike 
But in time it was found tliat tliis procedure was mislead 
mg, and that species were often akin although externaHv 
very dissimilar. This stimulated men to probe deeper 
Some characteristics were found to carry with them many 
others, and though often no reason could be given why 
this Simula be the case, they wei’e regarded as dominant 
characteristics and made the basis of classification. Ao'ain 
the organs which subserve the processes of life are of such 
obvious and utility to the individual and to 

the species that they were pressed into the same service. 
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Now both these bases are extremely serviceable in the 
practical work of science, but both are defective. The 
characteristic which is of the first importance in one case 
and which seems to dominate the whole being of an animal' 
or plant, is in another of altogether minor import. This 
led to divisions on many bases. “So with plants, how 
remarkable it is that the organs of vegetation on which 
their whole life depends are of little signification exceptinff 
m the first mam divisions, whereas the organs of repro- 
duction with their product the seed, are of paramount 
importance.”' 

_ The object of the search throughout was to reach divi- 
sions in which things having the most affinity should be 
plMed together. The doctrine of evolution taught that 
affimty should no_longer be regarded as a metaphorical term 

should be taken as implying 
that family relationship which is the primary meaning of 
he word. It thus supplied the principle of community of 
binding thread for scientific olassificaW 
and made those charactenstics important which indicated a 
common origin. a 

IJnder_the influence of this conception the aim of classi- 
completely revolutionised. Whereas 
foimerty the realm of ^organic life was assumed to consist 
of a definite number of species which could be separated 

nnmh definite marks until the^ whole 

number of species had been enumerated and described 
now, as it exists at any given moment, it is considered 
rether as the result of descent from a common ancestry 

nessed^^ia?idST® ^Mch successive ages have wito 
tsi -Pa the older classifications was that 

mviaea tnat the sub-classes were mutuallv exclusive and 
^ toe same time co-extensive with the wS “he atoi 

family mre member of the 

, , , g , sting species would be traced back from im- 
M ' f 1 1 1 1 i : ^ * iDarwln, Origin 0 / Specita, Ob. IS. 
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mediate to remote ancestors nntil tlieir common origin 
appeared. At eaoli step the relationship between one 
class and another would he sufficiently evident for the 
degree of affinity to be observed, and those which were 
nearest of Mn would be classed together. Thus species 
which are derived from the same genus would come 
nearer to one another than to those derived from another 
genus, and genera would be more nearly related than the 
species to which they give rise. Indeed at each remove 
upwards the relationship would become closer, until the 
endless variety of species was seen to issue from an 
ancestry common to all. Such a table would have the 
throu<diour*^^^ drawn up on a common principle 

It is not implied that the actual procedure is always from 
the speciesmpwards. The reverse process is also used ia 
practice. Indeed the consti-uction of such a genealovical 
tree is beset with difficulties on aU sides. For it must 
embrace not only existing species, but many of which fossil 
reniams are now the only evidence. Ideally, too, it should 
contain others of which the existence can only be con- 
jectured. Q-aps in the relationship exist, and in many 
cases all certam evidence of affinity is lost. Then the 
SrdasLs^^ back upon other characters to constitute 

_ Nevertheless the doctrine of descent with modifications 
IS a clue of the greatest importance, and indicates the kind 
of evidence which should be sought. We are guarded 
for instance, from the natural mistake of supposing that 
chamcters essential to the maintenance of life are srood 
guides to natural _ affinity. They may be useful, ^but 
resemblances m this respect may be mwely the result of 
adaptetion. External resemblance is, indeed, of no scien- 
tifio significance. It might have been thought (and was 
in ancient times thought) that those parts of the structure 
which detemined the habits of life and the general place of 
economy of nature would be of very high 
mportance in classification, Nothing can be more falre. 

No one regards the external similarity of a mouse to a 
shrew, of a dugong to a whale, of a w4le to a &h!as of 
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any importance.”*' The possession of organs now useless 
often';gives a better indication of descent. 

The process of evolution is not yet exhausted. Present 
species are hable to mo(hfieation or even to extinction, and 
thereis thepossibihty of new foms being evolved The 
Ossifications of to-day, therefore, are in a sense transitorv 
mOubO^®yf^® P®*;“anent so far as they are correci’ 
Past history shows that vast epochs of time have been 
tmnsformatfons which Le lhiT 
^OTO nor IS there anv reason to suppose that the ehano-a 

riSv T? may hold will be effected any the mSS 
rap dly. The error in taking as fixed what has been de 

nShdble ^ through a continuous process is 

arise tlirouffli defect*? 

another through different degrees of decent me 

f another becLse 5 

Morepr^it is®W S^Lfenf ^Ser To 

terms as ‘ Jdugdom’ * class ’ 

at«T‘„i‘S‘4s.‘?isS'± Tt 

-7 b.’a 

tes. “45 

close of the eighteenth cenf hy Jussieu towards the 
^ '■ able worC rS stiTS^cmt O^her 

, . mni of classes based ^ establisli- 
'Huh ■ ^ *^ere httle 


' ^ ™nmes whic 

^ i n tip i I i ; , ■ Darw^ Oj,. 13, 
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understood. Out of wi-ong princiite tjr pidnciplesabily 
partiailj correct, arose mucli Taluab^^yr&. The 
cations thus blindly but brilHantly dS^^ Mc'MSeir 
irey and e.^planation in the doctrintfsb|~iJiscS!gY tHs 
afforded a clue in doubtful cases, and a nornrWwMch to 
correct the past and to control the labours of tire future. 

Gonununity of descent is the hidden bond which natura- 
lists hare been unconsciously seeking, and not some 
unknown plan of creation or the enunciation of general 

^^1 putting together and separating 

ODjects more or less alike. ^ ^ ^ 

advantages of 

mssification for the purposes of study lie on the surface 

SSjZ into the material under con-' 

sideiation makes it easier to giusp. Where the obiects 
are so numerous tha,t the mind is bewildered by their 
vaiiety, a system winch arranges them in groups on a recoe 

msedpnnciple,_especially if it be accompanied by a sciS 
nomenclature, is an invaluable aid to the memory. Only 
in this way do the species of the organic world, running i^ 

number to hundreds of thousandsf become at all ^4“ 

®P®<5mi6n is assigned provisionally to 
o+ 1 -.m “0®* closely allied to it, properties 

othei than those noted for the purposes of claisia^tion 
are suggested, comparisons may be made, and inS^s 

by _analogy may be drawn. And so the work of disco^rv 
and investigation is aided. aiscovwy 

u^ust be admitted that only in the so- 
called natmal sciences of Botany and Zoology has ckssifi- 
mtion been developed at all extensively. Organic kinds 

theb of being classed according to 

ij^m. ^ If we seek a similar principle in inor^anif' 
'Ibe^nh 1 ® nothing corresponding to a gmealogicaftree 
IJie physicd sciences are concerned ve^ lar^elv ^tb 
processes. These have a history, but it isYot thet liistoS 
which IS principally important for their explanation, o£ 

^ Darwin, Origin of Species, Ch. 13, 
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wise tlie metliod of ©xpeiiment would be 

Tiie gui^ng thread in such investigations is the^prinSe 
of cansation. Fruitful as this has been, it has not Sar 

At the same time the principle is proving of increasing 
value in tins direction “There is the physical Sff 
tioninto Sohds, Liquids, and Gases, fiut these sStes of 
matter are dej^ndent on temperature ,• at least it is known 
that many bodies may, at different temperatures eristic 

^ r ^1® therefore, be defined 

as sohd hqmd nr gaseous absolutely, but oW wE 

certain degrees of temperature and therefore as denenit 
on causation. Similarly, the geoloo-ical ^ 

bo^es according to relatL antifulty^Jw^^^^^^^ 
tertiary, with their sub-divisions) and mode ot formation’ 

„.e, 

It is only then, in a few of the sciences that plnodfl. 
tion has wide scope. In itself, moieo^r ifif 
preparatory stage. It determines its cWs but^tn!?^ t 
answer the question why they are as thevnre miE 


8. Scientific Nomenclature and Terminology. 

'correspoMing^omen^4e®“®d without a 

involvl a g?od Z£ S’ e^f nomenclature 

indissolubly connected. l/folloZtwTi 

^ i.. of tatap, „.4,, 

s* ! 't H t * _ 
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Deductive and Inductive, pp. 267-268, 
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cation must be tlie gromd of tlie nomenclature it follows 
tbat tlie latter is a consequence rather than a cause of 
extended knowledge. ' 

Wlieneyer a science admits of comprehensive heads of 
classification a good nomenclatoe recalls both the le- 
semblances and the differences between classes. Such a 
nomenclature prevents our being overpowered and lost in 
a wilderness of particulars. The number of species of 
plants, for example, is so enormous that if each had a 
name which expressed no relation with any other, menxoiy 
would find it impossible to retain more than a very small 
fraction of the whole number. The nomenclature should, 
therefore, be so constructed as to suggest these relations. 
There are two main ways of doing this— - 

(1) The names of the lower groups are formed hy 

combining names of higher and lower generality. 

(2) The names indicate relations of things by modifi- 

cations of their form. 

The former method is that which, since the time of 
Linnaeus, has been adopted in botany and zoology. In 
botany, for instance, the higher groups have distinct 
names, Dicoiyledofif Mosa, GeTatiiuMf etc. The species is 
marked by adding a distinctive attribute to the name of 
the genus, as vMa odorata, orchis maculaia, etc. These 
distinctive attributes are not the logical differentia of 
the species, so the specific name is not a definition. They 
are, on the contrary, formed from all kinds of more or 
less important considerations; for example, the Anemone 
Jajponica was named from the country in which the 
plant wa,s first observed. The names of varieties, sub- 
varieties, etc., ai’e formed on the same principle as those 
...of .species. ■ 

The second method of constituting a nomenclature is 
that employed in chemistry. This system of names is 
founded on the oxygen theory. It ‘‘was constructed 
upon . . . the principle of indicating a modification of 
relations of elements, by a change in the termination of 
the word. Tims the new chemical school spoke of 
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sdphmcaDd sdphwMs afiids; of sulphates and <>ni. i v 

of bases ; and of sulphare^ nf i 

of phosjp/wnc and phosphorous aoids ^ofriTi^^ manner, 

p/iites, phospktireis. l/this manner a 

produced,™ wMch the rerv n^A 

at race its constitution and place in the sySm ” 

We reqiui-e, howerer not onlv n 1 / ; 

designate^iasses, bufa couSira ^ of names to 
enables ns to describe inditrifl^ 1 wbicli 

a Terminoloffv and it a™u ^ ^ ol>jeets. This is 

ties — shape, colour, etc —and of'^tl proper- 

recognised in the science o*>jects 

language in which we describn^tf^A^d^-i™*’ 
scription tliere can bfi nrt aIo . witliont de- 

a ^11 the names 

thmr combination, we can descS i 

complete iintlSlh?rs Sts T 

sive descriptive Lgile Kr ^ ^^^n- 

with a degree of sSl^rad executed 

attained, could hardly have !«> before it was 

ETery pk of a St £ bS. attainable, 

every pU even CSsSinute T- ,’ 

Wage of descriptive terms an^riJt -f 
which the botinist caii^convev S* 

form and structure, as exletlvL ff A T™ knowledge of 

c^y*, the coroiCthe 

of the;corolla were termed «pte 7 « the sections 

“O” «' 

5eseripti0D,it8meimii^m^l,^® ^ scientific 

ffrem, for example, mSrrAf!®?®*^^^®*®™!™*!. Apple. 
green. Otherwise the term'^lJP. «P®oific shadf of 
ff® for the purposes of scienti^CteXgf 

• j * .Itid., p. 315 . ’ Orgotton Senoyatum, p. 275 

pp. m.ns. 
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9. fallacies m Diirisioii.— A violation of anj of tlie 
principles of division involves fallacy. We may thus 
emiiiierate three classes of fallacy of division, each violat- 
ing one of the fundamental principles, viz. — - 

(i) Changing the basis of division. 

(ii) Omitting part of the genus to be divided. 

(iii) In a continued division, not proceeding by proxi- 
mate steps. 

These faults have been sufficiently discussed and illus- 
trated in our positive treatment of the principles of 
division.^ 

i Seepp. 75-78. 
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DEFINITION AND KINDS OF I'KOPOSITIONS. 

1. Definition of Proposition. 

A Proposition is tEe verbal eitpression of a truth 
or f^sity. In other words, a proposition is a statement 
winch claims assent, but may meet with denial. It is thus 
distinguished from such forms of speech as commands or 
miestions. with.wWcb, as such, logic has no concern S 
epter into the structure of knowledge. Thev 

rejected as false^ 

Only statements can be time or false, and in no other wav 
can truth or falsity be expressed. A fact is not true ; It 
simply exists It is when we make a statement about it 
that we chaUenge assent. To deny a proposition is to 
^ert Its falsity; to assent to it is to affirm its truth 
When a statement is false it may be so intentiouallv or 

it is a falsehood as 
well as a falsity. But with the etliical intention lori^ 

it i® whether the 


CATECJOBICAIi PBOPOSITIOKS. 


9 ? 


§ 3 ] 

In_y ie next place there is the fundamental distinction 
bej ^een asser ti on^an^ denial^t^ QuaMt^ of the proposi - 
In other words a p ropositio n ma.v 
dtIl§ObfB £inative or negative. 

^^^^fc. P^ ^PQsit i oiis differ in th e sco pe and definiteness 
ofjbir refer encer ^^e may saj ' '^OHionFi^^ 

‘ Some^'puldren are easily frightened’ ; ‘This town is 
healthy,’ In actual speech the number of such yariations 
is very large, but logically the important distinction is 
whether the^ statement is made definitely about every 
object of which it is made, when the proposition is called 
Imiversal, or whether its scope is left indeterminate, 
when it IS styled Particular, This distinction is said to 
be one oi ^^anUty. “ ~ 


8. Categorical Propositions. 

(i) A Categorical proposition makes an absolute 
statement, as ‘Gold is yeUow,’ ‘The quality of mercy 
"IS not strained.’ OSomattei^injhat form such 

ordinary speech, logical analysis r educes 

P^„w here 

otyrpGh the asse rtion is made, and P— thp 
—IQljhatwhic ^ or denied of it. a little 

ingenuity is sometimes required to make this reduction 
but till it IS made, formal logic cannot deal with the judg- 
ment. buch an exclamatory statement as ‘ Fire ! ’ muS) 
fmi expanded into some such proposition as 

That proj^rty is on fire.’ Similarly, the impersonal 
as^rtion * It rams ’ becomes for logic ‘ Eain is falling ’ 

I Someti^^^Jh^taiementJs^^ 

/ the mm predica- 

^ lOji^Mllb-^MefuUy^dM fro m tEe luB^SiSte 

as„se;^ons. This, in itself, is a matter of grammatical 
construction. Jl^pthjr^cases two logical propositions are 

^eMi^_.m_iag_jgi_^pj?or_b ut honest.’ where be 
recognised that there are 


’cc ogn __ 
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‘ Graduates alone are eligible ’ the two-fold predication 
abbreviated ; the full force of the proposition can only be 
represented by the simultaneous assertion of two pronosi 
‘ |ome gra^uates are eligible ’ and ‘m non-Maduafe 

In eveiy such re-statement care must be taken not to 
change the judgment— that is, the assertion intended to 
be made— but only its verbal expression. In other words 
logic claims the right to transla.to the forma of ordmarv 
speech, but not to change their sigTiifiog.-n>.o -uLtunary 

(u) Aaal^^is of the Categorical Proposition —If 
we ei^me this form we see that it consists of two te'rms 
is therefore, caHed the Copula! 
Of ^0 terns that of -which the assertion is made h 
the Subject ; from that the thought starts • it is its 

IK i. tK de™Iopi,„t offct tfoSM b1 
the assertion of sometlmg further— this is thePreJcate 
, Logic wntes the ^bject first, 8 is P, but it is not alwavs* 
so in common speech. ‘ Blessed is the man who has loval 

famds IS an example of a very common inversion. -VS^n 

^^ 1 . • sentence is before ns it is easy to decid^ 

which IS the predicate hy asking which term expands and 

m the nominative case. But the former depends unon wW 

thisH^” whJ'orcHdMa'fb ^ “ What is 

the question « Which of answer 

when ‘tWa* ™ese flowers is an orchid?” 

implies is the predicat^ ’\hnT"^4?fle^rt 
distinction can L dS^inil grammatical 

individual senW cc^^fJ wthout gomg beyond the 
the consecutive s^tftTinA« logical distinction in 
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tiiraous speecii, and when an isolated statement is all that 

IS betore US, we have no alternative but to assume tliat the 
gra^atic^ is also the logipal analysis, that is, that the dis- 
tmctions of thought are directly expressed in speech. So 
m the case opposed, if we have only the sentence. ‘ This 
IS an orchid, we must assume that ‘ orchid ’ is the predi- 
rate^as that term on the face of it, defines and amplifies 
tlie meaning of ^ tins. ^ 

fni-. ^ ^ ^ n 

P oiibt-^ , 
^ "we . say 

2op;ha..-lopc must .tianslate J;he statement into “ Much 

emig^existenipi t he w nri/ j ” - 

tmn of past or futme requires a separate predicatiL Si 

Doint^^f ourselves at the 

point of _ time to wluch it refers. This is neeessarv, as the 
present is the only unambiguous tense. Pro poa^nnc 
l^^lSg t^the. past_^^^^^^^^ 5 was'P^Swill be P 

m a io becausert¥e^ 

^^om. S was Mf M was A we can infer 
notW, for we do not know whether the connexion of S 
with M synchronised with the union of M and P ^ 

MoEeo;^ the use of the present tense enables ns 
m8_aej ^rstencem^^ 

fErgoians~^wce yeUowTanaTeivv'and 
m^eable, though we can only test those quahties ^cces- 

forMr£, 7 s 1 ?Tl,w® a proposition we must not 

torget that all the time the proposition is a unity and 

expresses one smgle thought."^ Subject and preS do 
not exist as separate thoughts, but as distin|ui2i?d elt 

™|.S,oT42“' «' “» ^ 

1*“^ Q«aHty of Categorical Propositions —Everv 
afiSrms or denies the predicate of the 

iU^a«™ Ti^imate distinction between 

Amative and ITegatiye Propositions. In the f^s 
theie IS no mere negation. The denial that 5 te P S 



100 DEFIITITION AND KINDS OF PBOPOSITIONS. [cH. 8 

only be justified by the fact tliat S lias some attribute 
wliicli is incompatible with P. If gold is not blue it is 
because it has some other colour. Were blue denied of 
that which cannot have colour at all there would be no 
real assertion. That * vice is green and virtue red ’ is an 
unmeaning jumble of words masquerading as a proposi- 
tion. But though reality is thus always positivef yet 
thought may only be concerned in denying some statement 
about it, without specifying the reason for the denial 
Hence the negative form of proposition, which simply 
denies, is correctly recognised by logic as equally ultimate 
with the affirmative form. 

(iv) Quantity of Categorical Propositions.— Thoudi 
the assertions of ordinary life are of many degrees of 
definiteness, the only really formal distinction is between 
explicit reference to all the subject and indefinite reference 
to some unspecified part of it. 

The former propositions are caUed Universal, the latter 
Particular. SymboHcally the former are expressed affir 
mativdy by Every S is P, Each 8 is P, All S’s are P ■ or 
negatively hy No 8 is P-. the latter by Some 8’s are P- 
Some S s are not P. ' * 

It will.be noted that ‘ Pa.r tienlar ’ here baa a. 
meaning from that given t,A if f-n rnmniftii STiee;?r~'TT;^ fl 
a^joajto lar’ propos i t i on would n ato allv mea.i. a. 
ment about a particular nersou nr nnirr„ ^ • 


tiTigular Pp 


>rmg a spec] 


evidently ai 


^u M,their subjecta . 


made of every 
'w^hich__ gt ands for t^A 

Ey^ 8 is P or Each .<? » P 
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tha n A ll S is P. For * all * is ambig uous in this respect, 
and propositions true of All g tahe n c ollecti vely argnot 
tjue of each ?l}ahlhi~cG s^ is well to marhjie 

distinction betwe e n t he disMbutive and the collecti ve u se 
of terms with whi ch we have already de alt by .using \ 

S is P' only vrhen P is asserted of the whole group § %^n 
toge ther. ' " 

When we wish to express a universal negation the onlj 
unambiguous form is No S is P, To write Every S is not P 

P is ambiguQu s... Strictly interpreted, 

indeed, these propositions are justified if a single excep- 
tion can be found to the rule that S’s are A ‘Every 
statement in a newspaper is not true V does not imply that 
the whole contents of the press are to be rejected. If we 
wish to assert that we must say * No statement in a news- 
paper is true.* 

In form the universal proposition suggests that it is 
justified by a complete examination of all the instances. 
This, however, is seldom the case. The real basis of the 
judgment is such a knowledge of 5 and P as makes it 
evident that wherever $ is found, P will be present ; or 
on the other hand that P is incompatible with S. 

This would be expressed by saying S as such is P \ or 
S as such is not P^ rnA such judgments are called Generic. 
For example, ‘ Eight-angled triangles are by their nature 
inscribable in semi-circles.' For the purposes of formal 
logic, however, these judgments must be translated into 
the ordinary universal forms. If we simply say S is P we 
do not make it clear whether we affirm P of every S or 
only of an indefinite portion of the S^s, 

It is this indefiniteness which maiks the Particular 
Propositions, with 5's as their subject Of course 
no sensible person says ‘ Some 5 * when he knows ‘ Every 5 ' 
would be true. So in common speech ‘Some' is often 
meant to imply ‘ Some, but not all.’ Similarly it is not 
used when wo hmw the proposition to be true of only one. 
But oven in common speech these limitations are not 
always implied, and in logic they are always excluded. 
Some S' s are P expresses imperfect knowledge. Certainly, 
ill fact each S is either P or is not A. But our knowledge 
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does not always cover all the facts, and so we cannot sav 
which is which. We cannot, however, rest satisfied with 
this imperfect knowledge in any matter about which we 
desire exact thought. So our researches must be pushed 
further. Either we must find that in reality the jO which 
we already know to belong to some of the S’s reaUy belono'g 
to them all; or we must make among the S’s two classes 
—one which is P and one which is not and discover 
what other differences separate them. Then to each of 
thesewepye a specid name and so reach two universals— 
Every SM %sP, No SN IS P. 

When no sip of quantity is given the proposition is 
formally %ndesigncae, as “Birds are feathered.” Some 
times extraneps knowledge teUs us that this is a generic 
judgment pd therefore reaUy universal. Wanting this 
it must be interpreted as particular. ° ’ 

If an Mesigmte Proposition is negative, the predicate 
must e^dently be either a separable accidens of the subject 
or an attnbute pver found in that subject. In the former 
case, the propositions are particular ; as ‘ ETigbaTiT nen are 
not cowardly.’ In_ the late case they are! STurte 

uiiiversal, as VEnglis}iiD.eii are not negroes/ * 

ogic redu^ to ‘some’ all the signs of quantitv of 

hirds. They are aU indefinite in reference. There is this 
pecuharity about ‘few,’ that it really states by impSS 
a judgment of opposite quality to itself. ‘ Pew poets are 
greater thp Shakespeare’ is really a rhetorical^mode of 
aS^f greater than Shakespeare ’ 

comMne^tJ^— Scheme of Propositions.— If we 
combme the divisions under Quality with those uiu^av 
Q uantity we get a four-fold Scheme of SteSal S^ 

I AfSrmative, Particiffar Affirma- 

e. Universal Negative, Particular Negative These it ia 

CTfitomary toindidteby theletes A I E o i 
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GATECJ-OBICAIi PROPOSITIOISrS. 


103 


§3] 

affirmo (I affirm), wMck represent the Fniversal Affirma- 
tive (A) and the Particular Affirmative (I) ; and the 
vowels of the Latin verb nego (I deny) wHcb stand for 
the Ifniversal liiregativ^ (E) and the Particular Negative 
(O). By writing these letters between S and P we obtain 
a brief symbolic mode of expressing propositions. Thus — 


A 

- Bvery S is P 

Sap. 

I 

- Some S’s are P 

SiP. 

E 

- No S is P 

SeP. 

O 

- Some S’s are not P - 

SoP. 


(yi) distribution of Terms, In every affirmative pro- 
position, whether universal or particular, we assert that a 
certain subject possesses an attribute P, but we make no 
assertion as to the full extent of the denotation of P, We 
do not consider whether or not other objects exist of which 
P can also be predicated. In some cases there are such 
objects— as when we say * All lions are fierce,’ for there are 

certainly other fierce animals ; in other cases there are not 

as when we say ‘ All diamonds are pure crystallised carbon.’ 
But in no case is any explicit reference made to the full 
denotation of A In every affirmative proposition, there- 
fore, the predicate is left indefinite as to its denotation, 
and is, therefore, undistributed* 

In a negative proposition, on the other hand, when we 
look at the predicate in denotation we find that, in every 
case, it is distributed. Por if the subject is not definitely 
separated from the whole extent of P, it may at least 
partially agree with it, and then there is no negation. 
And this is independent of the extent of the subject. If 
we deny P of only one individual— as when we say * This S 
is not P ’ or * An 5 is not P ’—yet we must deny that any 
and^ every P is the S in question, or we have evidently 
denied nothing at all, 

If we now sum up our results as to the distribution of 
each of the terms in each kind of categorical proposition 
when read in denotation, we have^ — 

(1) Umversah (A and E) distribute their subjects; 

Particulars (I and O} do not. 
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(2) Negatives (E and O) didribute their predicates 

Affirmatives {A m.^X) do not, ' 

Tims, E distributes botb subject and predicate, 

A distributes its subject ^ ^ ^ ^ * 

0 distributes its predicate onlj. 

1 distributes neither term. 

4. Hypotlietical Propositions. 

(i) Nature. A Hypothetical Proposition is one in 
whi^ the predication made in one proposition is 
asserted as a consequence from that expressed hy 

BSP-P-Osition containing the condition is 
called the Antecedent or Protasis, and is introduced bV 

containing the result is termed 
the Consequent or 'Apodosis. For example in the 
sentence^ If all prophets spoke the truth, some would L 

prophets spoke the 
SiOTe“^ ^ consequent is ‘some (prophets) 4uld be 

The most general symbolic expression of the hypothetical 
g-oposition IS If A thm C. wha-e A and C represent not 
terms but propositions. Other foms frequently Jivl 
nnder this general expression. Of these 
one of the most common is is B, 0 is D but +li« 
^S^f-lSfe.r nost trul y rep resents the nature of theuSproe^f 

Wum the proposition contains four terms and f liar a 

Si, flat tie iiag- 

Ifie'fdrmTf |?Ptessed b^r a proposition of 
TOmoPGwriD ygdHotion from, one form 

-4w: noteXS 

jiidgment. For 
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example, the judgment involyed in the proposition ‘If the 
government of a counti^isgop^ the people are happy’ 
finds perfect expression in ‘ If , the people of a counti^^^e 

' S So, ‘If the haro4ter 

tails, we shall have ram’ is reducible to ‘If the state of 
the atoosphere ca,uses a faU of the barometer, that atmo- 
spherio state will bring rain.’ ‘If we ascend a mountain, 
the barometer faUs is equivalent to ‘If a barometer is 
a mountain, it falls.’ ‘If a child is spoilt, its 
paients suftw may be_resolved into ‘H a child is spoilt, 
it brmgs suftenng on its parents.’ ‘If you take a large 
dose of arsenic you will die ’ is expressed by ‘ If arsenic m 
undue quantity is taken into ^ animd orgSm rf 
causes death in that organism.’ ‘ If patience is a virtue 
some virtue may be painful ’is the same as ‘If vS 
includes patience, then virtue may be painful.’ 

_ In other cases the translation is not so easy: and links 
have to be supplied which are not explicitly Sated in the 
original proposition. In other words, a hypot^tical ex! 

terms conceals the essential unity of the 
It expresses, as there is in the symbohc sLte 
r# thh" V — .between, tff TntecSt 

always therrS 

thought when, JES.,pmpQ)aBia..i8 :g^p^^^ ^ 

S Tnv 3s. genera%,fc]imd withoSffi- ' 

ind hf PO™t of unity involved in the 

judgment n some agreement is not speedily arrived at 
^tw^n employes and workmen, the trade o/the countrv 
will be imned is the recognition of the injurious effect rf 
stakes on trade, and the whole judgment may be expressed 

iS’ E! 

reaction K.rt .savages « imid,-.the d>atafionians are 
f«Sl- Ij, .o«wr c^ses,,hpth are regognised as 



106^ BBraiTioN Airi> •Kinm ot FBOPosmoisrs. ■ 

tarj.* But, in evei^ case, where the judgment is really 
hjpotheticai““that is, asserts the consequences of a sup- 
position — such unity is present. ^ hTo douht, the hypothe. 
tical form of proposition is occasionally used when no such 
judgment is really involved, as when Mr. Grimwig in 
Oliver Twist said, If ever that hoy returns to this house, 
sir, I’ll eat my head ” ; which was only a forcible mode of 
asserting disbelief in the realisation of the supposition 
stated in the protasis ; and was, therefore, in its essence, 
categorical. Such propositions are of but small value in 
a theory of knowledge. 

In discussing the universal categorical proposition we 
found that its justification must be sought in a relation 
of content which is most appropriately expressed in the 
Generic Judg^uQ^t^Js A If " such a' judgment is true, it 
IS* because there is sOMeffiing in the nature of S of which 
P is the necessary consequence. If we make this explicit 
we have the hypothetiearjudgment If S is M it is P, where 
the sufficient ground for the predication of P is found in 
the presence of M* Such a relation is nearly as explicitly 
stated in a Generic Judgment of the form S which is M is 
P, a fact which shows that the categorical and hypothetical 
forms are not separate and distinct species of judgment, 
but merge into each other, and are distinguished chiefly 
by the more abstract character of the latter. 3h the hypo- 
thetical judgment „ we have. got, away from the ^concrete; 
our proposition is an abstract univeiml, and . deals with 
only one elemeht^m a ^complex judgment, if 

true, and yet may be 
incapable of concrete realisation. This, indeed, is so with 

triangle is right- 
it is mOTibable in a semi-circle,’ for no concrete 
diagram is ever a ;^rieci right-angled triangle or a perfect 
^epi-oircle.. Still more clearly, perhaps, is this seen in such 
a judgment as ‘ If a body is given a certain movement, and 
if no counteracting conditions are operative, it will continue 
for ever to move in the same direction and with the same 
velocity.’ This is impossible of realisation in actual fact, and 
yet it is a fundamental law of physics ; that is, a necessary 
elemmt in our mental construction of the material world. 
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The hypothetical judgment is essentially abstract, and, 
as such, states connexion of content. But as the generic 
judgment finds an enumeratiyi^ or dehotatiye expression in 
the uniyersal categorical proposition, so many Hypothetical 
judgments can be represented by what may, perhaps, be 
called concrete conditional propositions, whose general 
symbolic expression is ^ my S is M that S is or When- 
ever an S is m that S %s P, The denotative form Has* a 
reference to occurrence in time and space; it expresses 
connexion of phenomena, and is, therefore, only appropriate 
when such occurrence is possible. In other words, it con- 
tains a distinctly categorical element, and is practically 
equivalent to the proposition Every S which is M is P, Its 
form, like the proposition Every S is P, suggests that it is 
based on enumeration of instances, but its real justification 
is connexion of content expressed by the pure abstract 
hypothetical. 

(ii) Belation to Categorical Propositions. — We 
have seen that as judgment becomes less occupied with 
concrete and complex phenomena regarded as wholes, and 
cpncems itself mpre and more with abstract relations of 
content, it tends to pass f roni the qategorjcal to the hypo- 
thetxcsil^ fopm. ^ But the fact that the generic judgment 
mediates this transition, while the denotative conditional 
form mediates a» transition in the opposite direction, shows 
that no strict line of demarcation can be drawn between 
them as modes of thought. With their form as propo- 
sitions, the case is, of course, different; here language 
makes fixed and definite a distinction which is far from 
being so fixed in thought. Sometimes, it is an accident 
whether a judgment is expressed' m lh^ hypothetical or the 
cat^orical form; for instance ‘ j&ight-angled triangles 
have the square on the hTOotenuse equal to the sum 
of the squares on the sides '^' reaUj gives the grouiid.l>r 
,attrxbutmg the predicate to the subject^ and, would 
^'PPy^P^iately. take the hypothetical form ‘If a triangle 
IS right-angled, the square on the hypotenuse is equal 
...to the sum of the squares' on the sides.’; But,' in 'all 
cases, it should be considered whether the categorical or 
the hypothetical form is the more appropriate, and this 



a crime, perhaps he will m 


a man 


cpjnpletion. 
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depends upon the degine of abstraction inTolved in the 
judgment. 

j^iii) Quality and Quantity. 

(a) Quality.— Hypothetical Propositions admit of dis- 
tinctions of quality. Of course, a negatiTe antecedent does 
not make a hypothetical proposition negative ; for the con- 
sequent is still asserted to follow as a result of the ante- 

M it is P is affirmative — ‘If a 
i* is Wact-’ K is when the connexion 
of the apodosis with the protasis is denied that the propo- 
sition is negative. The most general symbolic form is If 
A then not C, and the most expressive If S is M it is not P 
for example, ‘ If a man is honest he will not deceive his 
fellows, 

(6) Quantity. — The essence of true hypothetical iudm 
ments is their abstract, and necessarily universal cha- 

• ™ which though a connexion 

IS estabhAed between P and M, yet M may not be the full 
ground of P, or, though it is the complete ground, may not 
be umversally operative, or may be liable to be counteracted 
by other conditions. In such cases the appropriate propo- 
sition ta,kes the general form If S is M it smy he P, ^d 
negatively IJ S ts M it need 7iot he P. The corresponding 
^notative forms-which in these cases can always 
found-are Sometimes when cm S is M, it is for is wtl P 
As examples we may take ‘ Sometimes when men are mmh 
worried, they commit suicide ’ : ‘ K a man is punished for 


, > f I . . , . ■ -u-uu lilt ; ' 

tries ks hardest, he may not succeed/ The last three 

3 particuli affir- 

“?es in the denotative examples, it 
te f 1 iudefinite as is • Some’ 

' “ not, therefore, be 

as^ excluding the possibility in fact of ‘ always.’ 
great characteristic of ,a^ .particular prqpositions is 
'e-etoactw.. Thqy, pn .th^_ 
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stepping-stones on the way to .tlmt more exact and ooiiiplete 
Iniowledge whidi finds expression in the true and nniyer^al 

hypothetical. ■ . * ' ' *' " ' . ■ 

fi. Bisjmctive iFropo^^^ 

(i) Watnre. — A Disjunctive Proposition is one 
whicli. snakes an alternative predication. — The most 
general symbolic form is Either X or Y, where X and Y 
represent propositions. But as the most expressive form 
of the hypothetical is that which makes explicit the unity 
of the judgment, so here the symbolic form 5 is either P 
or Q representing the prescription to the same subject of 
an alternative between a definite number of predicates, 
most truly expresses the nature of the judgment. In the 
simplest cases these alternative predicates are known to be 
contained under a wider predicate which can he asserted 
of 5. For example 'He is either a doctor, a lawyer, a 
clergyman, or a teacher ’ may be expressed in the simple 
categorical proposition ' He is a member of a learned pro- 
fession.’ So, we may say 'Any swan is white or black,’ 
where the wider pre<hcate is the possession of colour. 

Such subsumption is always theoretically possible, and 
so we see that the function in a theory of knowledge of the 
disjunctive judgment is to express the arrangement and 
content of a system. In other words the subject is a 
genus, and the alternative predicates are the species which 
together compose that genus. In such a case it is evident 
that those predicates are mutually exclusive and collec- 
tively exhaustive of the denotation of the subject. The 
disjunctive judgment is the form appropriate to the state- 
ment of a complete and perfect classification of the deno- 
tation of its subject. 

Our knowledge of the systems of the real world is, how- 
ever, generally imperfect. It is but seldom that we can in 
concrete matters set out the whole body of species which 
necessarily complete the genus. We can say that ' Oradua- 
tion at the University of London is in either arts or science 
or law or medicine or music ’ or any other faculties which 
we can find recorded in the Calendar. But we should be 
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hard put to it to give an equally complete and satisfactory 
statement of many of the alternatives which yet find a 
place in our knowledge. Moreover we often use the dis- 
junctive form loosely, especially in reference to concrete 
eases. We may read that all the candidates for a certain 
post must he graduates of Oxford, Cambridge, London or 
some other British University. Evidently a graduate of 
two or more of these umversities would not be thereby 
excluded. But the system on which the proposition is 
based is rea% that the Universities in the British Bmnire 
are Orford, Cambridge, London, etc., and that graduation 

the act of graduation at one is not the act of graduation at 
pother It IS these acts which are the realaltematives 
and if Jones has performed two of them, he performed 
them mdependently and at different times. He is so to 
say, a separable accidens of tbe acts. [ 

Su^ an example— and many others could be given— as 
ap. Brown is either drunk or mad ‘ Smith is either a 
1^ or a forger ’ ; ‘ Eobinson is either k kna4 or a fooP- 
showB ns that we cannot assume mutual amoTny 

the alWtive predicates from the mere empty form of® 
proposition. It is true that the logical idSl Jf 

]mictive judgment is such exclusivSs S miStht 
siveness as set forth the articulation of a systeiT C we 
have to deal with propositions coucher^ I”’ 

“n '"f SSSoh otti 

01 tnese alternatives are denied, the others 
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are affirmed; either categorically— if or|lr%ke is leftJ 
or disjTmetiTely— if more than one reSSffi vThus 
we stert with the assertion S is &iih&r P 
^nythat S is P,-we must necessarily pro^S^A^fe^ 
that S M Q. Similarly, if the original asserti^^a^^S^ 
is foUowed by the denial that 5 is 
either P or Q, the a,ffirmation that S is either ff or T is a, 
ne^ssary result. As this affirmation of one. or more, of 
the alternatives IS an ^erence from the denial of the rest 
of then^ it follows that all disjunctive propositions in- 

ssi.TfcSL*: 

But the disjunctive judgment makes expKcit a cate- 

^rical element which is wanting to the hypothSl W^; 

we confined to the latter, thought would be condemned to 

an endless regi*ess. For thoiip*}! T/ <? no im u • d to 

for the ground of M, This regress cin only ^e Sd bv 
assut^g that the judgment refers to a more or less self- 
contaiued system. It is such a system that the disiunotive 

twPTtt ^ makes explicit in its enumera 

f W ^ tie sub-species under the subject genus It is in 
the exhaustive character of this enum^tion tw+n ®i: 

fomd. Hence, we find m the disjunctive the mode of ex 
pressing that systematic connexion which is the onlv form 
m which we can think reality. 

(iii) Quality and Quantity. 

. (») Quality.— -It follows from the very nature of din 
jimctive propositions that they can only be affirmatiVo ' 
for they must give a choice of predicates^ one orSer ol 
which must be affinned of the subject. Propositions 2 
the form S is neither P nor Q give no 
they increase the scope of the predicate 
of the form S is either P Z o me™ Propositions 
pound Categorical ProposHfons 
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. eiiher P or no n-Q— but the digJuEctioD is 'as affirmative as' 
if both terms were positive. 

(5) Quantity.— The ideal disjunctive jndgment is 
always both abstect and universal, and expresses relation 
of content. But like the Generic Judgment it can be 
expressed in terms of denotation, and in this case we Vet 
distinctions of quantity. Thus we get propositions of the 
form Every S is either P or Q ; * Every idle man is either 
mcapable of work or morally blameworthy,’ and Some S's 
are either P or Q ; * Some laws are either oppressive or are 
rendered necessaiy by an abnormal state of society,’ It is 
evident, however, that such particular propositions are of 
practically no logical value. 



CHAPTEE IX. 


IMPORT OP CATEOORICAXf PROPOSITIOlSrS. BIAORAMS 

1. Predication. — ^Tke wliole treatment of logic mnst 
depend upon the view held as to the nature of the predica- 
tion inade m a categorical proposition, and the consequent 
mport of that proposition. The first point to he settled 
in considering this is whether such a proposition expresses 
a relation between words only, or between ideas, or be- 
tween things. The view adopted in this work is that a 
proposition interprets an objective fact, by stating a rela- 
tion which is apprehended in thought and expressed by 
anguage. It is not necessary to say more on this 
fundament point. We ^ n^ pass on to consider the 
nature of the relation expressed in predication, and, as a 
consequence of this, the aspect in which the terms should 
be regpded. Of this there are two chief inWretations 
accor^g to whether the emphasis is placed' on the con- 
notation or on the denotation of the predicate. 

h ^^^edicative View.—Tlie predicative view re- 
gards tlie relation expressed between the terms of a formal 
rategoric^ proposition as that between subject and at- 
tnbute. It makes the element of denotation in the subject 
minent™ connotation in the predicate, the more pro- 

The subject is thought as the name of certain objects, 
pd though it is true they are indicated indirectlv— that 
IS, as members of a class to which they belong solelv 
be<^nse they possess certain attributes— yet the attention 
is fixed on them as things, not on the attributes which 

113 8 




114 IMPOBT OP CATKaOBICAL PBOPOSITIOHS. [CH. 9 

fclieir names connote. It is of tlie things wMcli possess the 
atta'ibutes that the assertion is made ; the attributes them- 
selves are not directly and explicitly before the mind, but 
are symbolised by the name. 

Blit in the case of the predicate we are thinking of the 
attributes which we affirm of the objects denoted by the 
subject ; for onr whole purpose is to predicate such a 
qualification. We think, not of two sets of objects which 
we compare, but of one set of which we assert an attri- 
bute. This is most obvious when the predicate is a directly 
attributive word, as when we say ‘ Ail metals are fusible,’ 
'The dog is barking’; but it is equally true when the 
predicate is a substantive. For instance, in the proposition 
' All the candidates for the appointment are graduates,’ if 
we examine the meaning we shall find it to be that the 
candidates in question possess certain qualifications which 
are conveniently summed up in the word ' graduates ’ ; we 
do not think of graduates as individuals, but predicate the 
connotation of the name. And the same holds in every 
case ; the predicate asserts a qualification of the subject, 
and tins qualification consists of the attributes implied by 
the predicate. ■ 

This is the natural interpretation of a categorical pro- 
position whose subject is expressed with a sign of quantity, 
though it must be borne in mind that its foundation is to 
be found in the G-eneric Judgment whose essence is that it 
deals with content of both subject and predicate. It is 
also fully consistent with the four-fold scheme of proposi- 
tums ; for, if the prefficate names an attribute and the 
subject indicates certain objects, we must either affirm or 
deny the former of the latter, and in each case the asser- 
tion must be made either of a definite or of an indefinite 
number of individuals. 

8. The Class-mclusion View— On the class view the 
relation totween the subject and predicate is that of 
mclusion in a cIms. Both terms are said to be read in 
denotetion, and the proposition is held to assert that the 
objects denoted by the subject are to be found among 
those denoted by the predicate. Whether the subject is 
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used collectively or distributively is of no importance; in 
each case it forms |)art of the predicate. The predicate, 
however, is necessarily regarded as a whole or class — that 
is, it is used collectively. ‘ All owls are birds ^ means that 
each owl — -and, therefore, the whole class of owls regarded 
collectively-~is to be found within the whole class of birds. 
This collective interpretation of the predicate is the only 
permissible one ; for to take it distributively would give 
no real meaning at all; — each owl is certainly not any 
bird. The only possible meaning is that the total class 
composed of birds contains every individual which can he 
called, an owl ; or, what is exactly the same thing, that it 
contains^ the whole class of owls. Similarly, a negative 
proposition means that every individual denoted by the 
subject is excluded from the whole class of things denoted 
by the predicate, and that the two classes are, therefore, 
entirely separate. 

With respect to this view it may be pointed out, first, 
that though it is, of course, possible to attend to the 
denotation of the predicate, yet in forming a judgment it 
is more natural and common not to do so. No doubt, as 
every general term can be considered both in denotation 
and connotation, it is possible so to interpret propositions, 
and such a mode of interpretation lends itself readily to 
the exposition of formal reasoning and to its illustration 
by diagrams. 

It is, indeed, the only one practicable for the more 
complex developments of formal reasonings with more 
than three terms. It expresses a truth implicit in every 
judgment, though it does not represent the primary pur- 
pose with which judgments are made. Indeed to adopt 
this interpretation as the fundamental import of judgment 
would be to fall into the error of basing knowledge upon 
a supposititious possibility of a complete enumeration of 
instances, instead of upon an investigation directed to 
establish connexion of content. Moreover, this view of 
predication obscures the essential unity of the judgment 
and regards it as stating a relation between two indepen- 
dent objects rather than as expressing an interpretation of 
one element or aspect of reality. 



scheme; for if we have two classes, 
evident — ’ 

(а) They may exactly eoiaoide and 

wholes. 

(б) <S may he included in but not 

of A 

(c) S may include P and not be who! 

(d) S and A may partially include a 

cinde eacli other. 

(e) S and P may whoUy exclude each 

To egress these in ordinary language 
some the meaning ‘ some but not aU.’ S 
(^3^) All 5 is all A 
(fi) AH S is so3iie A 

(c) Some Sis all P. 

(d) Some Sis some A 

(^) N^o S is anj P, 

ment*of xr®"^*^/^?'®“embered that we ha 
meat of the actual relations which must 

rrsL.*” fc 



This scheme admimbly satisfies the ; 
eieellenoe giren in the last section— there 


first criterion of 

> can be no doubt 
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to tlie information given by eacb of the above diagrams, 
t, as it is founded, not on the predicative view of 
•positions, but on an analysis of the possible relations 
icn may subsist between classes, it is not surpiisino 
.t the diagrams do not satisfactorily represent the four” 
I scheme of propositions. They correspond, in fact to 
five elementaiy forms of proposition which are necessM-y 
ixpress all possible actual class relations. Thus ^ 

& I. repre^nts that S and P are coincident — All S is 
dll r* 

) n. that s is included in, but does not f oim the whole 
or t — All 8 some {only) p 

III. that J includes P, but is not whoUy exhausted- 
Jbome {only) S ts all P. 

^ partially include and partiaUy ex- 
St) r S is ‘some 

|T’ ^ mutually exclusive— JVo S is 

> Wver, we try to fit in this scheme of dia<^rams 
the ordinaiy four-fold analysis of simple proposi 

: the absoluteScl? SSenetf of‘‘‘S?mT’Tt is 

, we are given either of the Figures I ’ll TTT®n° rw 

' £ ^rteinty what p^posiWS SeS 

fewi Ivi; ^hen proposi Jnl 

S iSw. ml complex as to be 

It O propositkins ^'Pplio'i to represent 

fff-wrn scheme does not satisfy either 

ei™ Als 

« W-i. »ii«.aiag, ^rjeoiato 
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But even were it not open to these objections, we should 
diagram ; for IT would represent 
I and O. To attempt to avoid this difficulty, 
as^Euler apparently did, by writing the S in the part of 

Snirf® excluded from the P-circle (as is done 

above) when the proposition intended is O, and in the part 
to both cii-cles when it is 1 , is not 
assumes that we already know what 
ambi^uorn .diagram itself still remains 

f 1 ^ f ™ unlettered 

him, we do not Imow what predication is intended. 

diwrI2= coincidence between the 

iefulTervIne propositions will perform a 

of the lettir makes more emphatic the imperfections 
as a mode of mtei-preting reality. The dia- 

flnn on?^1f facts of existence. If, then, we need more 
than one diagram to represent any judgment we mav 
make about actual things, that veryUd Ta waging S 
us that our Imowledge of the matter is wanting in m-e- 
vaCn^s £s “ iudication as to where^the 
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X. Jnagment myolving Self-contradiction —Thfi 
““—4 to judgment are not essentially different 
from those incident to conception, as indeed i 

anticipated from the fundamental identity of ientffm? 
cess imderW the two forms of though In f deSfv 
apprehended judgment there can, of coSrse, be no Scorn 

subject. But when the 
force of the ju^ent is not clearly apprehended such 

.means impossible. The careless 
use of Imguage, which is so common nowadays 
tbs p^cularly easy. EspeciaHy dangerous^ is ^he^hlt 
of making uniyersaf asserfions whenXre L „^T® ^ 
fication in fact for particularXL Wo 
such self-destructiye assertions as hha.t. ‘Every rSe his 
an exception.’ Tiis statement Kox-nn* u ^ i ^ iias 

can only speak the truth rf ht.^1^ ’ Upimemdes 

the truth.’ ^EferraWhpl?- ^®® ^ sp®aks 

every judgment claims to be s®^-c®ntradicto^, for 
the same time asserts its proposition at 

the scientific conundrum as to is 

irresistible force weK ^PP®“ “ 

where two inooimoatibk immovable body, 

simtdWus^^^^ are assumed to ^ 



' 2, • Misinterpretation of Categorica^^^^ositioni^.^^ 
, ETen, when the meaning of each indiTiOT^>wor<l*^''ig^ 
sentence is clearly apprehended, there is 
of misunderstanding the statement as a 
some ambignity of construction or of interpretation. This, 
of course, results from the dependence of terms upon the 
context for their full meaning. The two chief cases were 
noticed hy Aristotle. 

(i) Amphibolia. — ^The Fallacia Am^MboUae originates 
in ambiguity due to the construction of a sentence. It is 
in essence a misinterpretation of a proposition. It does 
not, therefore, differ fundamentally from fallacies of am- 
biguous terms, for an ambiguous term employed in a 
proposition necessarily leads to that proposition also being 
ambiguous. However, in amphiboly the ambiguity lies in 
the general structure of the proposition rather than in 
the terms it contains. Latin with its construction of 
accusative with infinitive in indirect narration lent itself 
very readily to this form of ambiguity. Thus, the oracle 
given to Pyrrhus: ‘‘Aio te, Aeaeida, Eomanos vincere 
posse” — “Pyrrhus the Eomans shall, I say, subdue” — 
left it entirely in doubt on which side victory was to lie. 
This is very similar, as Shakespeare makes the Duke of 
York point out, to the witch’s prophecy in Henry YL — 

“ The Duke yet lives that Henry shatt depose.”^ ^ - Open in 
the same way to double intei^retation is the line in 
W. E- Spencer’s poem Geleri: “The noble hound the 
woK hath slain.” The walls of Windsor Castle still bear 
the ambiguous sentence Hoc fecit Wykeham,” whose 
capability of a double reading is said to have averted the 
Ejng’s displeasure from the bishop, who, like a true 
courtier, explained it as meaning that the tower made him. 

One has not far to seek to find numerous instances of 
amphiboly in modern English, generally due to want of 
precision in the order in which the words are arranged, a 
point of great importance in an analytic language. A few 
examples may be given : ' The first photograph is that of a 
fourteen pound pike taken in a back yard from the top of 

i Aot i , 80. 4. 
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as to tlie information given bjeacli of tlie above diagrams. 
But, as it is founded, not on tlie predicative view of 
propositions, but on an analysis of tlie possible relations 
which may subsist between classes, it is not surprising 
tliat the diagrams do not satisfactorily represent the foiu? 
fold scheme of propositions. They correspond, in fact, to 
the five elementary forms of proposition which are necessary 
to express all possible actual class relations. Thus— 

V I, represents that S and P are coincident— S is 
all P. 

II. that S is included in, but does not form the whole 
oiP-^AUS is some (only) P. 

III. tliat S ineludes P, but is not wMly exhausted— 

Some (only) S is all P, 

IV. that <9 and P partially include and partially ex- 

clude each other — Some (only) S is some 
(only) P. 

V. that S and P are mutually exclusive — No S is 

any P, 

bowerer, we toy to fit in this scheme of diagrams 
wi-a the ordinaij four-fold analysis of simple proposi- 
tional forms, we find that only in the case of E hare we 
an adequate expression in any one diagram. Bearing in 
mind the absolute logical indefiniteness of ‘Some,’ it is 
plam that every other form of proposition’^can he fully 
represented only by a combination of diagrams. Thus^ 
for A we require I and II; for 1 we need I. II, HI, IV- 
and for O we must haye HI, IV, V. J£, on the other 
hand, we are giyen either of the Figures I, II, III or IV 

to^SSn^ proposition it is meant 

sentinff A w ^ esi^pe this complexity by repre- 

L I o V IX alone-as 

IS oiten done — is mialeafiTnty : i 
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Blit even were it^not open to tliese objections, we slionld 
still bave an ambiguous diagram ; for IV would represent 
mdifferentlj I and O. ^ To attempt to avoid tliis difficulty, 
as Euler apparently did, by writing the S in the part of 
the 5-circle which is excluded from the 5-circle (as is done 
above) when the proposition intended is O, and in the part 
of the diagram common to both circles when it is I, is not 
satisfactory; for this assumes that we already know what 
proposition is intended, ffihe diagram itself still remains 
ambiguous ; and, if it is given in the empty and unlettered 
toriii, we do not know what predication is intended. 

nevertheless, this very coincidence between the 

diagrams and the scheme of propositions will perform a 
makei more emphatic the imperfections 
ot the latter as a mode of interpreting reality. The dia- 
grams express facts of existence. If, then, we need more 
than one diagram to^ represent any judgment we may 
make about actual things, that very need is a warning to 
us that our knowledge of the matter is wanting in pre- 
cision and at the same time an indication as to where the 
vagueness lies. 





CHAPTEE X. 

FALLACIES IISrCIDKNT TO JUDQMHJTT. 

1. Ju^ent involving Self-contradiction — Tn,o 
“oifent to judgment are not essentiaUy diffei^t 
from those mcident to conception, as, indeed miX 
anticipated from the fundamental identity of ^ 

cess imderlying the two forms of SS iTflf?' 

tills StSitom^llt lifts ©XCPTytinna fTio-f * C( 

exceptions'; wCSS™iS^ 

premise is made exnlicit Q' unplicit in the major 

old logical puzzle mvolyed °°“?^'l®^a,tions solve the 

that all Cretans nrA oi-nr ®pioi6mdes the Cretan says 
' can only speak the truth^* he^^ ’ therefore Epimenides 
the tmi/^HerTlo SaIo® ®Peaks 

every judgment claims S be tS for 

the same time asserts its 7w?^f£t 
the scientific conundrum as * i ^ similar is 

irresistible force f ^ ^ 

where two iiicoineatihlA i^nmovabie bodj, 

simultaneous^^Sv^ ^ 

' mli^r 

I ' ■ ■' ,i i' « T i '■' ,; 
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2. Misiaterpretatlou, of Categorical 
; Even when tlie meaning of each indivi 
sentence is clearly apprehended, there is 
of misunderstanding the statement as a 
some amhignity of construction or of interpretation. This, 
of course, results from the dependence of terms upon the 
context for their full meaning. The two chief cases were 
noticed by Aristotle. 

(i) AmphiTbolia. — The Fallaeia AmpMboliae originates 
in ambiguity due to the construction of a sentence. It is 
in essence a misinterpretation of a proposition. It does 
not, therefore, differ fundamentally from fallacies of am- 
biguous terms, for an ambiguous term employed in a 
proposition necessarily leads to that proposition also being 
ambiguous. However, in amphiboly the ambiguity lies in 
the general structure of the proposition rather than in 
the terms it contains. Latin with its construction of 
accusative with infinitive in indirect narration lent itself 
very readily to this form of ambiguity. Thus, the oracle 
given to Pyrrhus: ‘‘Aio te, Aeacida, Eomanos vincere 
osse^* — “Pyrrhus the Eomans shall, I say, subdue 
Left it entirely in doubt on which side victory was to lie. 
This is very similar, as Shakespeare mahes the Duke of 
York point out, to the witch’s prophecy in Henry YI . — 
The Duke yet lives that Henry shall depose.” ^ Open in 
the same way to double interpretation is the line in 
W. E. Spencer’s poem Gelert: “The noble honnd the 
woK hath slain.” The walls of Windsor Castle still bear 
the ambiguous sentence “Hoc fecit Wykeham,” whose 
capability of a double reading is said to have averted the 
King’s displeasure from the bishop, who, like a true 
courtier, explained it as meaning that the tower made Mm. 

One has not far to seek to find numerous instances of 
amphiboly in modern English, generally dne to want of 
precision in the order in which the words are arranged, a 
point of great importance in an analytic language. A few 
examples may be given ; ‘ The first photograph is that of a 
fourteen pound pike taken in a back yard from the top of 
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a Step-ladder ’ ; ‘A lady (through circumstancses) wishes to 
letpart of her weU.fumished house’: ‘The Territo ^on!! t 
played the hyims as weU as the church organ’; 
man shortly ret^g^to Australia wishes to me^ K v 

the form’ of a 

the negatiTe f^rm prodS 2 imraessln 

troversial writer will asserf ^ con- 

attempted i^ toucSce^tfoSt'^eLS 

assertion, etc., etc etc Tn ®Sf absurd 

attempt, though your phrase his i tan,! Hiavemade the 
tended, to male your mS 

at least to blind Ln iHhf v oj- 

none that you approve of.’ between nom and 

wat^whriristotl^^d^ ^ a? firs® 

same word, differently acceiifiiflfp/i ^ Greek tke 

lu the earlier times CtreeV wT'f ’ meaning, 

and breathings 2d '^a.s devoid of accents 

times ambi^^2hioh 2hr " some- 

tetleoonseqlentiyTmifa^s+^fv®''!^"®-^®* 

oecw in speech.^ But with can scarcely 

nutted by means oi Jr 

writing. Thus Lrio tr s^ess either m speech or in 

ment, 'Thou shalt^nof b£“S*® ®o“imand 

, taJse witness agamst thy 

^eday f^^he periodiral literature of 

gems every week who oolleots a few such 

f * ®e Moi^, p_ 
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rieig'Iibour/ may be read ^‘either so as 'to convey tbe 
opposite of a proMbition, or to suggest that subornation 
is not forbidden, or tliat anything false except evidence is 
permitted, or that it may be given for him, or that it is 
only against neighbours that false witness may not be 
borne.’" ^ Other ways in which this fallacy may be fallen 
into are thus summed up by the same writer : A state- 
ment of what was said with the suppression of such tone 
as was meant to accompany it, is the fallaoia aceentus. 
Gesture and manner often make the diference between 
irony and sarcasm, and ordinary assertion. A person who 
quotes another, omitting anything which serves to show 
the animus of the meaning ; or one who without notice 
puts any word of the author he cites in italics, so as to 
alter its emphasis; or one who attempts to heighten his 
own assertions, so as to make them imply more than he 
would openly say, by italics, or notes of exclamation, or 
otherwise, is guilty of the fallacia mcentus. ... I may 
here observe that irony ... is generally accompanied by 
the fallacia accentus ; perhaps cannot be assumed without 
it. ■ A writer disclaims attempting a certain task as above 
his powers, or doubts about deciding a proposition as 
beyond his knowledge. A self-sufficient opponent is very 
effective in assuring him that his diffidence is highly com- 
mendable, and fully justified by the circumstances.’’^ 

3. Misinterpretation of Hypothetical Propositions. 
— The characteristic fallacy of misinterpretation of a hypo- 
thetical proposition is to assume that the protasis states 
the cause of the a^qdqsis^ and not simply the for 

affirming it. As has been already pointed out, the latter 
may be a mere sign of the former or may actually he its 
effect.® Thus to misread a hypothetical proposition is, 
therefore, to conceive a relation as holding in reality which 
does not hold. Of course, the protasis may actually 
enunciate the cause, and in many cases does so ; that, 
indeed, ^ is the character of the ideal Judgment of science! 
But it is also true that in many cases it is not so, and the 
identity of form in the two cases opens the way to error. 

* J&id, p. 249. ® Ihid,^ pp. 249-^. ■ ' Agee p. 18. ■ 


smons ai-e tar from fuffiUingthese eonditionl W' 
must we avoid interpreting the alternative's f 
exclusive of each other. To argue thTt W, 
vidual process implies either mLl oSteUeTS S 
therefore, if one advances morally one ^nnotTL ^"'^^’ 
teHectuallj, would be an example of fallnr^tr f in- 
this source. The characteristic fault of vieCn ^ 

IS, on the other hand, the undue <3ileinnias 

natives given exhaust all possible cases^^^^*^* tlie alter- 
bottom a ease of false opposition anT' really at 

sidered in a later chapteff ’ 


CHAPTEE XI. 


OBHBRAL REMARKS ON IMMEBIATH INEERHSTCIS.' 

1* Hatmre of Immediate Inferences, 

Inference, or Reasoning, is the deriving of one 
truth from others. By tids is meant that the new 
judgment is accepted as true because, and in so far as, the 
Taliditj of the judgments from wldch it is derived is 
accepted. Hence, every inference has a formal and neces- 
sary character, and this is not affected by the truth or 
falsity of the premises. The premises may be false and yet 
the inference may be formally valid, that is, valid in the 
sense of avoiding contradiction within itseK. But in the 
wider sense of validity, in which the result of the inference 
must also be consistent with the whole system of know- 
ledge, the truth of the premises is, of course, an essential 
element.^^ This aspect of inference will be dealt with when 
we consider the doctrine of Induction; we are now pri- 
marily concerned with an analysis of the formal aspects of 
the process. 

Inference is not a mental process absolutely distinct in 
its character from judgment. The essence of the latter is 
the explanation of some element of reality by reference of 
it to some concept already familiar to the mind. In infer- 
ence there is the same essential feature, but with this 
difference, that the reference is not made immediately, but 
indirectly through the medium of some previously accepted 
truth or truths. In inference, therefore, we pass beyond 
the judgment, or judgments, from which we start, and 
attain a new point of view ; though, at the same time, the 
new judgment thus reached must '.be a necessary conse- 

^ Of. pp. 9-6. 
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^ueiic0 of the dafa from wMcIi wo nn-f t j? 

IjToiTes both a process and its result* aid 

tht uajae is sometimes myen +1° *^®®6 

i^et^nce is the whole mental coStmShfLT^^T^^ 

the esnnexion between the iudgmeni 

evidence which proves it; Thi ilSit? 

the data or evidence are caUed P^w 

Implications of a single ^yis^hioh the 

^ ts immediateness is % 

IS requhed to reach thfnTw W ^ f 

datum IS necessary besides the oKi^t 
inferences may be stvlf^d ^ J J^^ndgment. Such 
distinguished from meSatl 

combmation of judgments iT wwIf ^0“ a 

substantial advance to a new truth. mates a 

inferenS a?S/as^lew 

Tins IS mainly a matter of wS WlL^ 

processes mferences or find some othi? t^e 

IS certain that they are not it 

other words activl twit i In 

egress explicitly aU thit is 7 ® oan 

smgle judgment, and until we can do ^ iii any 

position to see its PT3n+ , , 9 ™ do so we are not in a 

This being so, there seems nl ^rol obi?^®'’ 
such exphcatiye processes of thounhf ‘ naming 

.An examination of the Inferences.’ 

wiii these Immediate Inferences should begin 

what is mvolyed in a singfe iSi ! J T tnow 

t»S *•« th. p™. 

or falsity of other prlposiS *^® truth 
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otlier words, an examination' of tlie||TO|sition: of pw 

positions means a consideration of tlie ilMpns as- to 
or falsity wMcIa 'Iiold between tbe J^7 

'positions, 5 a /^, S e P, S i P9 S o P, wB^^rai^' 
the . same , signification in eyerj propositionrvi^ rr^^ ' 

' which, from a given judgment re- 

garded as true, we derive other judgments which are 
implied by it; or, in other words, when we loot at the 
same truth from another point of view, and express the 
same matter in a different verbal form. 

We shall consider these two kinds of Immediate Infer- 
ences in the next two chapters, 

^ This name is adopted from Miss Jones’ Mlemenis qf Jjogit* 
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OPPOSITION OP PEOPOSITIONS, 

1. Oppositioii of Categorical Propositi 

Opposition of Propositions i 
I whicli bolds between any two 

I w^cb have identically the same snbjec 

thus differ iu f< 
S ® same matter ; that is, to the s£ 

the same tme, and under the same circumi 
^position, therefore, sel 
^hcations as to the truth or falsehood oi 
o^her foms of categorical propositions are 

tCtmJofi 

trath of), any one proposition. 

us« nf il’ an entirely technical a 

use of the word ‘ opposition.’ The natural 

^® together; that is, that opp( 
A and O^E S®? incompatible 

A_and O, E and 1, A and E. , In this spp«a + 
ongin^y used. It was, however found cf 

ttrrs to the same matter, y 

relation were one nf ' 
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be included under those subsisting between the following 
pairs — 

, „ v'x) “ (1) A universal and the particular of the same quahtj : 

A.and df; IS and O. " ' 

(2) A universal and the paii}icular of opposite quality ; 

A and O ; IS and I. ■ 

(3) A universal and the universal of opposite quality ; 

A and 3S. 

(4) A particular and the particular of opposite quality ; 

X and O. 

This gives us four kinds of opposition, to which the 
names (1) Suhaltermtion, (2) Contradiction, (3) Contra'^ 
Yiety and (4) Suh-contrariety are respectively given. We 
will now examine these in order. 

(i) Suhaltemation. — Subaltern Opposition exists he- 
tween a universal and the particular of the same quality • 
that IS, between A and I, E and O. Thus, the propo' 

sitions differ in quantity but not in quality. This is one 
of the technical kinds of opposition ; for, not only are the 
two propositions in subaltern opposition not inconsistent 
TOth wsh other, but the truth of the unirersal necessitates 
that of the particular, -pus follows from the Principle of 
identity ; for, by that principle any assertion which is true 
or every member of a class must hold of any number of 
those individual members, since they must be identical 
TOth some of those included under the distributed term 
Ihe assertion, when made of an indefinite nart. 
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‘Some metals are fusible’; and if we uosit i 
are caruiTOrous’ we equally posit ‘Some bor«^ 
canuYorous.’ But, if i a P k denied 
Mds equally if p Mongs to some only rf thf 9 I 
none of them. Hence, from tbe falsit^^ a ^ ^ 
whether 1 is true or false. For examnle'^if 
All metals are malleable ’ I do not t W i ^ f 
‘ Some metals are malleable.’ Heither do T 
proposition (thou<^h it hsonowr+l ^ ^ Matter 

£ f did. tlA : for, 

would involve the assertion of ‘Some^f carnivorous’ 

Similarly, from the dS of E 

deny O. The sublating of tL uJver^'fi nor 

“i/i* “ 

?K3Sr™l~ 

we deny the truth of ® O. Thus if 

thereby deny that of ‘ All carnivorous ’ we 

we assmt ieilt ‘Se "It if 

equally assert that of ‘ Ho oil "!®i “ortal ’ we 

the particular cannot iustifv u« i ®nt, to posit 

for we can never wSl nniversal; 

asserting that it hold7gLrwbh ro“^ ^ h 

instance, though it ma/be trne\h!tt^« ^cr 

" ”°* “ “ 

particular follows from th^^If"tV®"“^*' 

v^sd; andithe falsi Wthllf -^® nmversal, but not vice , 
tliat of the particular! bltmt^Tveld, ‘ 
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(ii) Contradiction , — Fropqdtions are contradictory to 
each other when they differ loth, [in quality and in quantity. 
Hence, there are two pairs of (jontradictories — and O ; 
E and I, Bj the Principle of Contradiction both the 
membera of snch a pair cannot be true together, and by 
the Principle of Exclnded Middle both cannot be false. 
If * All metals are fusible’ is true, it cannot be true that 
‘ Some metals are not fusible and, similarly, if ‘ Ho hons 
are herbivorous ’ is a true proposition, then it cannot be true 
that 'Some lions are herbivorous.’ (And, generally, if we 
make an assertion about every member of a class, the Prin- 
ciple of Contradiction forbids us to deny that assertion 
about any member of the same class. i Therefore, one of 
the ^ntradictories in each pair must false. But, by 

the Principle of Excluded Middle, they cannot both be 
false. For, by that principle, any given attribute, P, must 
either belong, or not belong, to every individual S, It 
l^nnot, therefore, be false both to make an assertion of 
Every S and to deny that same assertion of Some of those 
Ss. Such propositions as ‘All metals are fusible’ and 
‘Some metals are not fusible’ cannot both be false to- 
gether. 

We s^, then, that contradictories are incompatible with 
respect both to truth and to ,^lsity. It follows that 
when two contradictory propositions are given us we infer 
by the Principle of Contradiction, that one of them is 
false, and, by the Principle of Excluded Middle, that one 
of them is true. Hence, we can deduce the falsity of one 
from the truth of the other,, ^d the truth of one from the 
falsity of the other. The relation of contradiction is thus 
s^n to be reciprocal; the positing of one proposition and 
the sublatmg of its contradictory are assertions of one and 
the same fact. ^ It will be seen, as we examine the other 
forms of Opposition, that in none of them are the proposi- 
tions thus mutually inferrible, and in none of them is 
there incompatibility with regard to both truth and false- 
hood. 

Contradiction is, therefore, the most perfect form of 
logical opposition. ^ 

Whatever we affirm denies something else. The mere 
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S' I Slif “p 1,“ «. *, 0«W of 

mmimxm of denial. It ifsXLr+fT^.® “ the 
sition wliioli it contradicts, but it does not + 1 *® F°Po- 
of every part of it. Thus, two confra^^!f ^ “ tJie falsity 
leave no room for an intermediate Propositions 

other must be accented a a ^ ®^PP<^s^^ion; one or the 
aU possible alternatives^ ’ tiey exhaust 

positS ifS^lerso^Ts thrcoSf'd-T’ “ P^’o- 

proposition is cLpound it cL be ^ *1^0 

than one way, and its full ™ “^ore 

compound.' oontradictoiy is, therefore, 

Contradiction is the onlv IHnd 

between Singular vbicli can 

differ only in quahKrd ^ ^ S 

IS to sublate the othe/a^ 1’ • POsit the one 

^g^ar propositions is freouentlw^'n °Fosition of 1 
iradiction. Secondary Go^ I 

between A and C ?««%,. that is 

.*, »d »f£% PW^onl' W 5 
Contraiction both cannot \e /««+ Principle of 

conti-anes were both W +i 'r«e together. For, if two 
^ trae together. PoJ, by SbSSa?^“^?®® 

, would necessitate that of A 

; sec^ that of o, | bSc^V' truth of E would 

jf^d BO W 0 UI 4 E and S''^BSSiI‘^’^’^-^®^®*®^®ther, 
therefore, A and E (^ot bp +“ f impossible; and, 

' contrary proposition S L5 ^«t as a 

t^ opposed Universal aa P°t simply deny the truth of 
of it, and thus ^t that of evSf w 

M ty of an inSSaSaT"® is a^S 

ciple of Evn7n,i„;i tn .i ■., ,0'lteTnative. Hence, the Prin 


1 . 33 . 


§ 1 ] OPPOSmOH OP OACTOOEIOAIi PBOPOSIWOWS- 

tke particular of opposed qmlitj,. tliis . latter ■ does^not 
warrant us ■ in deducing, tiie trulji of the universal 40' whicli 
it is subaltern. Though by sublating A we posit O, this 
mil not enable us to posit B. Hence, contrary proposi- 
tions are incompatible with regard to truth, but not with 
regard to falsity. If one is true, the other must he 
false, but the falsity of the one does not involTe the 
truth of the other. It may be equally false that ‘ AH 
men are red-haired * and that *Ho men are rod-haired’; 
for the one proposition does not simply negate the other, 
but makes the opposite assertion with an equal degree of 
generality. It follows that contrary propositions are not 
mutually inferrible, and their formal opposition is, there- 
fore, less perfect than is that of contradictories, although, 
of course, they express a greater degree of material diver- 
gence. 

Prom this lesser formal perfection, as well as from the 
much greater difficulty of establishing the contrary com- 
pared with that of merely disproving a given universal 
proposition, it follows that contrariety is of much less 
formal importance than contradiction. The bringing for- 
ward of one single instance which does not agree with a 
general pmposition is sufficient to disprove it, and the 
contradiction is secure, as it rests on observed fact. But 
to establish, not merely that one S, or a few S’s, but that 
every S disagrees with the general proposition we wish to 
disprove is a task of much greater difficulty, and the result 
is much less secure against being itself proved false than is 
the contradictory, For we can scarcely ever be sure that 
we have really examined every instance, and one exception 
IS fatal to our general proposition ; while the simple con- 
tradictory, being a particular, can only be overthrown by 
establishing the opposed general proposition. Thus we see 
that contradiction is sufficient for disproof, and is, obviously, 
a more secure position to take up than is the assertion of 
the contrary. One would deny that ‘All men are iiai's ’ 
with much greater strength of conviction than one would 
assert that * Ho men are liars.* 


(iv) Hnb-contrarietj ,— stand in 
sub-contrary opposition to each other; that is, I and O are ‘ 




le Principle 
inter- 
More- 
assert that 


of the nni^ersal ci opposite 

a. of ooota^zsr 


IS 

, - 'Cannot b© 

non does not apply, 
parent m its refeS 

Both propositions may 
example, of ‘Some men 
le falsity of ‘Some men 
’ ‘some men’ 

. • -Y,™ fhe form of the 
since the interpretation of 
ihus, there is no real 
is „^-;r'*“^“ie‘Suh.contrary’ 
IS another mstance of the ter-h 


ror tne ■ some ' in the one ease is < 

from the ‘some’ in the other 

therefore, be inie. The truth, for 
are red-haired ’ does not inyolve tl 
am not red-haired’; for it is not 
who are refemd to in both cases 
propositions does not show this s' 
some ’ must be purely indefinite 
contrmety between I Ld O, and the 
IS entirely arbitrary. This * ^ 

meal use of thewoid'or 
are pertly compatible ’ 

Sf tiouglTb^i' c 

tiler, but not vice versa. Hence Rnh 
tions are inconsistent with re^a^ 
regard to truth regard to falsity but 
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Sub-coBtrariety. The fact tliat botb are borizontal natu- 
rally suggests that each connects propositions of the same 


'anea 


quantity. The perpendicular lines appropriately represent 
Subalternation. As ^ the diagonals run from the one top 
corner to the opposite bottom corner they indicate that 
contradictory propositions differ both in quality and quan- 
tity. Similarly, the top and bottom lines suggest a differ- 
ence in quality only, and the side lines a difference in 
quantity only. 

The following Table exhibits at a glance all the in- 
ferences which the doctrine of opposition enables us to 
draw. The kind of opposition through which they are 
reached is given by the letter, or letters, in brackets under 
each rasuit. C means by contradiction ; S, by subalterna- 
tion ; Cy, by Contrariety ; Scy, by sub-contrariety. When 
any of these letters is printed in italics it means that the 
process it represents is indirect ^ that is, the' result is 



true 

(O) doubtful doubtful 


doubtful doubtful 


doubtful I doubtful 

( 0 ) 


doubtful doubtful 
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general but less definite symbolism A X, and Jj^ 
MMen nof.X — are universals, and correspond to tbe A and 
E categorical forms respectively; wbile tbe particulars: 

Siis M .U may he and If S is M it need not he P— or 
in tbe "Wider symbolic form, If A then perhaps X, and If 
A, .then ^ not necessarily X — correspond to tbe X and O 
categorical forms. Having tbus all tbe four necessary 
forms, tbe whole doctrine of opposition is applicable. 

Similarly witb tbe denotative forms — or conditionals as 
we liave ventured to call them — ;wbicb give more concrete 
expression to the content of these abstract iudgments.^ 
Here tbe foiir forms are— 

If any S is M that S is always P — corresponding to A. 

If afiiy S is M that S is never P — ,, 33 / 

If an S is M that S is sometimes P — „ „ X, 

If an S is M that S is sometimes not P ,, 0, 

As tile last two forms do not imply more than that S 
being P IS a possible consequence of its being but not 
tiiat 8 actually is P in any one case in wbicb it is M, they 
may be often better expressed by — 

If <m S is M that S may he P — corresponding to I, 

If am S is M thM S need not he P— A 

4. Oppositioa of Disjunctive Propositions.— The 

most pneral symbolic form of the disj-anotiye proposition. 
—Mther X or T ^is most suitable to those cases ia which 
the alternafaTe judgments have not the same suhiect. A 
aisjunotive in this form must he regarded as singular, and 
as, consequently, only capable of contradiction. The con- 
tradicto^ proposition is Neither X nor Y. and this is not 
itself a disjunctive judgment. 

_ But the more perfectly stated disjunctiTe judgments 
m which several predicates are alternatively affimed of 
the same subject, admit of distinctions of quantity and 
propositions of opposite quality can he found which stand 
to them in the relations of contradiction and contrariety. 

* See p. 107. 
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Thus, with the judgment of content, S is either P or f) 
the square of opposition can be completed by the wn 
positions S IS neither P nor Q (contrary) : S ma'n 
P or (? taWto) ,■ S U U itii’prt (»?2r 
dietoiy) These distmctions— as in the case of categorical 

judgments-stand out yet more clearly in the denoSe 
forms of the propositions. Here we hare the uSeS 
^mative Su either P or Q-, the unmrsal n^SS 
No 5 M either P^Q; the particular affirmative 8ome S’s 
are either P ot Q ; and the particular negative sZe ll 
<^e ^tther P nor Q. But it wiU be noticed that none 
of ae negative forms are disjunctive proposition q^-! 
neither P nor Q is equally well expressed in^the copulative 
orm S IS hath non-P and noh-0 ani] 



tWnU ^ 7- ne^pve denotative forms. Hmce 

'»>“<>*«•>« .ppfc 
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1. CMef Eductions of Categorical Propositions, 

Eductions are those forms of Immediate Inference 
by which, from a given proposition, accepted as true, 
we educe other propositions, differing from it in sub- 
ject, in predicate, or in both, whose truth is implied 

by it. Every Categorical Proposition gives ns information 
of a certain subject, in terms of a certain predicate. But 
each of these terms has a conceivable negative ; and every 
categorical proposition, therefore, suggests to our minds 
directly or indirectly, four terms— S, P, non-S. non-P. The 
problem before us is to enquire what predications about 
each, or any, of these possible terms are implied when S 
and P are connected in any given categorical judgment. In 
other words, whether, if we take each of these terms in turn 
as subject, the given proposition justifies us in predicating 
of it any of the other terms. We need not, of course, coiS 
sWer any forms of proposition in which the predicate is 
either the same term as the subject, or its negative— as S is 
S, S is non-S, P is not P, etc. — which are either mere 
tautology, or are self-contradictory and, therefore self- 
destructive. Our enquiry is limited to those proposi- 
tions in which one term is S or non-S, and the other P or 
non-P. 

Now, when any one of these four terms is 
subject, we have two possible predicates 
thus, we can predicate either P or non-P of S, and 
or non-S of P. This leads us to the kind’ of 
called Ohversion, in which we retain the same subiect but 
negative the predicate of the original proposition. Again 
if S IS the subject, and P the pr^eate. of the 0‘IVATI 'npn.-nn- 


m 


MnwcTtom, 
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sition, we can form other BroBosifmnfl ' '■« . ' ' 

respectirelj, P, 9,224 mj 

ff ^ two forms, one of 4 iS ^ 

the otter by obTersion. Thusweo-fitf!^°^„nlf?”^®'^ from 


+r X? , fr™s, one of wMcb 

the other by obTersion. Thus we set the 

m^es of inference, most of whidi possible 

only in the verbal egression, bStiS fo™ f 

ment as thought— > m m tne form of the judg. 


(1) Obvemon—when the subject of the ovtottioI 

position is unchanged but rtf P^'o- 

negatived. ® predicate is 

(2) Oonver$ion — ^when the subject of th a j 

poation b ft ite pr£:ito?tS ^ 
( 8 ) Oontrc^ontton—wben the subject of ^a • f , 
proposition is u/jn p or.,i -i ™ inferred 
P0/5. Its predicate 5 or 

"St- 


' . or m/7-P 

None of these can be valirl ^ 

proposition, unless the inferred urouos^^ from any given 
and expresses the same truth as ™^olved in, 

e^ses. We must,therS 4 bvct^^fef 
which of them are iustifip/? ’K-n- ^ ^ examination, see 
four forms. A, ^ of each of S 

Each of the inferences ^ 9 ^ YQ^ « j . 
can take two forms, one with a dosiHva^ ^ above list 
a negative predicate. Each of^thpsA other with 

from the other bj the prSssnfAf obtainable 

. simplest forms are those which As, however, 

i ; cates, the simple namAa n oh have the positive predi- 
Inversion, are applied to iv (contraposition, and 

^'1 .t. £<>5“ bj iheV™ 

Omyerse, OoTdrapo 8 i%F aldT *^®“^®fres are called the 


are termed the Ohrp^T/in negative 

Gmtrapositive, and the oKS rf Ohverted 

that proposition. Thus ^ respectively, of 
relation m which that derived ^^^uies expresses the 
given one. aenved proposition stands to the 
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If we use S and p to denote non-S and noJi-P respec- 
we have the following empty schema of possible 

Eductions from categorical propositions— 


i 

/ 

1 Original Proposition - - - 

S^P 


1 

2 Obverse of (1) - - > . . 

S^p 

ii. 

Converses of (1) - 

3 Converse of (1) 




i Obverted Converse of (1) - - 

p^s 

iii. 

I 

Contrapositives of (1) J - 

> Oontrapositive of (1) - - . 

— 

p^s 


^ C 

> Obverted Contrapositive of (1) 

P—8 

iv. 

Inverses of (1) . - J — 

Inverse of (1) - - - - , . 

S—P 

1 

1 

^ 8 

Obverted Inverse of (1) - . , 

— — — - ' ' ' ■ ' ■ 1 

S—P 


V iTi ^ wnat extent this empty schema 

can ^ fined out by either of the four kinds of ytegorical 
pred^tion-^A, E l, 0,-when the oiiginal proposition 
itself IS of either of those forms. ^ 

Many of the inferr^ forms are unusual and unnatural 
moto of expressing tlie truth which is stated most simulv 
m ae original proposition. Those of them, too, which 
contain aegafave terms are open, as primary modes of 
statement, to the objections already made to propositions 
containing those terms.* But, wheu they regarded 
simply_ M secondary modes of expressing the content of 
the ongiml jud^ent, they are useful; as they mate 
prominent a fresh side of the truth there enunciated. 

■ Seep.. 34 , 




142 EDUCTIONS. [CH. 13 

And the whole of them together, by placing that assertion 
in every possible light, make its implications much clearer 
and more definite than does a mere consideration of the 
proposition by itself. 

As Obversion and Conversion are the primary modes by 
which these eductions are made — ^for all the other infer- 
ences are obtainable by combinations of these — a detailed 
consideration of them should precede that of the other 
forms. 

(i) Obversion is a change in the quality of a 
predication made of any given subject, while the 
import of the judgment remains unchanged. The 
original proposition is called the Ohvertendt and that which 
is inferred from it is termed the Obverse, 

Whenever we assert anything we, by implication, deny 
the opposite. That is, the affirmation of any predicate of 
a certain subject implies the denial of its negative ; and 
the denial of any predicate implies the affirmation of its 
negative. The former of these follows from the Principle 
of Contradiction — ^for, if any 5 is P it cannot be non-P ; 
and the latter from that of Excluded Middle — for, if any 
S is not P it must be non-P. All obversions of affirmative 
propositions, therefore, depend on the former of these two 
principles,* and all obversions of negative propositions 
on the latter. But, to deny a negative is to affirm, for 
two negatives destroy each other ; and to affirm a negative 
is to deny; and, thus, obversion involves no change of 
meaning. The matter, therefore, which is expressed by 
an affirmative proposition can always be re-expressed by a 
negative, and vice versa. This is, however, a mere change 
in the mode of expression; it involves no process of 
thought, and consequently is not a real inference. It is, 
however, useful as a first step in contraposition. 

From this it follows that the subject of the obverse is 
the same as the subject of the obvertend in every respect, 
as, otherwise, we should not have a true denial of the 
opposite^ of that obvertend. The quantity of the two 
^ propositions is, therefore, the saOie. The predicate of the 
obverse is the negative of that of the obvertend, and this, 
to avoid alteration in meaning, necessitates a change in 
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proposition. This giyes ns the one 

Simple rule for oWerting anj proposition—- 

' % -SS”*' “■* “• 

A obveHs to E, E io A, 1 to O, and O to 1; 

or, expressed symbolically, 


Original Proposition - - 

8ap 

8eP 

Sip 

S oP 

Obverse - - - ■ - , . . j 

SeP j 

SaP 

SoP 

' SiP 


iwemoerea taat obversion is a recinrocal 

i fhai ^ obverse of 

8 ePa.b tlie latter is tbe obverse of tbe former. 

As material examples we may give the followinc^ pairs 
of propositions, each member of every pair 

obverse of the other member— ^ ^ ^ ^ 


A. 
E. 

E. 
A. 

I. 
O. 

iO. 

(l. 


All men are moriaL 
No men are noUmortaZ, 

Alt ttiougMfwl Turn are mn-svpersUtious. 

Some men are happp, - 

Some men are not noi^lia^py. 

Some men are not rich. 

Some men are noUrich. 

„?ISa“ * 'Tr™. “ 

|r?S C'S‘? 2 ’ L 

»™poni 
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unliappy’ as the obyerse of ‘ Some men are hapDv’- fn,. 
happy and ‘unhappy' do not exhaust aU possibilities 
and, thiM, the prmeiple of contradiction does not apply to 
them. It IS true that this proposition is justified ^^the 
giren one for ‘not-happy ’ includes unhappy, as toIiIs aU 
other shades of departure from ‘happy.' But it is not the 
obyerse; for we cannot get back from it, by obrersion to 
our onginal proposition. The same holds in the case of afi 
af^ative proMsitions ; the obverse justifies the denial S 
brought under the formal negative^ 
But even this is not justifiable in the case of the obSskn 
of negative propositions. From ‘Some men are not hlupV 
we cannot conclude that ‘ Some men are imliappy » formls 
latter poposition asserts, not merely the absenc J’of haunt 
ness, but the presence of a certain amount of positma 

ncn that Some men are poor’; for ‘rich’ and ‘poor’ 

«d, us,* S*g; 

nM T* sure that Le term we do 

use IS the exact eqmvalent of that formal negative 

Doint^ as ^ complete alteration of stand- 

off wU predication is novr made of F in terms 

tion PfoPfitioa contained an asser- 

Moreover, the truth of the 

® ^ctlj from that of the converteni^ 

the convex K™! S subject. For instance, 

* Vlvm'v -k old man has been a boy ^ is not 

tt uoys are old men ; for the original proposition, in its 
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lopcal fom, is ‘Every old maa is a person who has been 
a boy. As the converse simply makes the same assertion 
as the convertend, looked at, as it were, from the other 
siae, it -is clear that the quality 6t both propositions will 
be the same. jt jr 

Every ^t of conversion involves reading the original 
premcate in its denotation, in order that it may be made a 
subject-term. T^t we really do make this change from a 
comotative to a denotative view is shown by the fact that 
if the predicate of the convertend is an adjective — as in 
hlo crows are white’— a substantive must be suppHed 

converse 

—as No white ttengs are crows.’ This involves a con- 
bideration of the distribution of the predicate in order that 

coL^^I^r assert more than is justified by the 

convfcrtend_ ; and may necessitate a change of quantity. In 
other words, a mere transposition of terns is not always 
pemissible ; we cannot go from ‘ All cats are animals ’ to 

c^erS%r%'‘r‘ conversion we are con- 

whfI^,-« IS Conversion; that is, conversion 

wrteL “’"^Hch either both con- 

vertend and converse are true, or both are false Such 
conversion must obey these two rules : 

^‘ity of the proposition mmt remain uTicha'iiqed. 

I fiot distnhut&d iti the cotiveTteTid, 

*0 the conversion of 

eacii kind of categorical proposition, 

• ^.^l^f'On of A. In the proposition S aP while .9 

IS distributed, P IS not. We cahnot, therefore conTmt to 
P a S— for that would break Eule 2— but we must retain 
^ in its undistributed condition, and write the converse 
converts to I, and the conversion involves 
a change of quantity from universal to particS s Z 
conversion was called bv Aristotle f.^ch 

conversion tehis i ''“T“ or partitive 

Though the necessity for this mode of converting A 


SiDtrciioNS. 
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propositions is obvious enough when the rules for con 
version axe kept in mind, yet the improper conversion 
or A propositions is one of the most frequent causes of 
fallacy. Because it is a fairly -weU established fact that 
lazj persons are often out of work, people jiimp to tlie 
(ilusion that if a man is often out of work be is nece^arifv 
lazy. Since the wages of unskilled labour in England are 
low. It IS _frequently assumed that all badly paid persons 
are unskilful :^cause all pious people go regularly to 
church, reg^ar church-going is commonly regarded as a 
sure sign of piety. Such mistakes are continually made 
yet they are on a par with arguing that eveiw aniial is a 
monkey because every monkey is an animal. Ifo doubt 
er cases_as taUtologous propositions and definitions’ 
or when both subject and predicate are singular ’ 

amntSf^of without change of 
qmntity, of A would give a true proposition. ‘ Everv 

eqman^lar tnangle is equilateral Ms as teue a proposition 
as IS Every equilateral triangle is equiangular’ ^But its 
ruth has to be estabhshed by a separate and independent 

uS h ^ot he inferred from the latter ^ 

position by conversion. Eor conversion is a formal proLss 
of inference and, therefore, must be ai>T)lieab]A f a 
proposition of the same kind j there cannot be two model 
of formally convertmg A propositions. "When the simnle 

foSd^o&“ " “ g 

s e P asserts that the attributes cox^oted fjf Z foSd 

^ See p. 118 . 
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in none of tli© objects^ “wMoli S <i6ttot6sl®^xi.oiLly 

objects. ^ Hence, none of tbe' objects 

and wMcli are ■ all denoted by P nsed nkW 

name,; possesses the attributes' wHcb are^S^Ma^^W <S. 

The separatioa between the things which are S and those 
which possess the attribute P is total and absolute: and 
IS, therefore, reciprocal. Whether we rega.rd it from the 
® or P, each individual 8 diffirs from each 
inmvidual P. Thus, we can convert S e P to P e S If 
‘No horses are carnivorous;’ it follows that ‘No carnivor- 
ous animals are borses.^ 

re(^^™ •iiagrams, we see that onlj one is 

Gomerdm oj 1. As neither term in an I proposi- 
ton IS distributed, it is clear that, by converting it simply, 
we Mali break neither of the rules of conversion. Thus 
S % P converts to P i 8, and the proposition remains par- 
ticular. _ Some herbs are poisonous ’ gives as a convLse 
borne poisonous things are herbs.’ The ‘ some ’ remains 
of course, purely ^mdefinite; and when we speak of the 
simple conversion of I we do not mean that ‘ some ’ denotes 
the same proportion of the total denotation of the subjects 
of both convertend and converse. When the subiect of 
^ which the predicate is a 


boys are human bemgs, which, we feel, is not so definite 

us of the matter would warrant 

us m makmg. This is particularly noticeable when we 

J -a- PJ^oposition. The converse 

9 1 P T® convert this again to 

logical process has led to aloss of 
ullness m the statement. For example, ‘ All monkeys are 
animals converts to ‘ Some animals are monkeys,’ the 

TM^rhon'+W “0“feeys are animals.’ 

This shows &at conversion jiej- accidens is not a reciprocal 
process, as simple conversion is. But, no matter whatXe 
I proposition is, or whence it is derived, it can, by itself, 

, , ' ^ Saep. iia- ■ ■ 
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onlj justify US in deducing another 1 proposition as iu 

THs indefiniteness is illustrated by the fact that 1 
requires fom- diagrams to express tbe possible relations 
between/* and 5 covers; from examination of 

these it IS evident that the relation between the tenyi<! i', 

kSfiKSS'.-* ” 

(d) Convenim of Q As the predicate of an O nro 
position is distributed, but the subject undistributed^we 
cannot convert a proposition of that form at aU. For’ bv 

0 I’ ^ ® ^ negative proposition with 

S foi its predi(^te This would distribute S; but Eule 2 
forbids this .^tnbution, as S is not distributed in toe 
convertend. S o P asserts that Some S’ s ham rmf +/* 
^tribute P, but it says nothing about the other possiWe 
S s. Hence, though the Some S’s which form the suSct 
are entedy separated from aU those things which 
the attribute P, it does not follow that^thesA Ip+Fa 
excluded from oM the 5’s. It is 

though ttiere are other instances of S as well which a™ 
>sti^ ^s^inSfeg fS^-Se^hoSit Wnfs Se not 

, neitoer statement is justified bytorot£r“' 

£er S=V-aKfst=t 

themaU. Tlierefore we cannot convert the proposition 

To sum up the results we have ob taiTic,^ — 

mmfly; o, not at, all. 

’Seep. 118 . 'Seep. 118 . 
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(e) Ohverted Conp^rsipn,, As any categorical proposition 
wliateyer can be obyerted, we can get a new inference from 
tlie original proposition by obverting tbe converse, accord- 
ing to the rules given in sub-section (i). Tlins, expressed 
symbolically, , we get— 


1 

Original Proposition ... 

SaP 

SeP 

SiP 

SoP 

2 

Converse of (1) ... 

PiS 

PeS 

PiS 

(None) 

S 

Obverted Converse of {!) 

Po8 

PaS 

PoS 

(None) 


As material examples we may give- 


r Original Proposition - A - Mver^ truthful man is trusted, 

-j Converse - - - I - Some trusted men are truthful, 

{ Onverted Converse - O - Some trusted men are not untruthful 

rOriginal Proposition - E - iVb cultivated district is unmlmhited, 

1 X “ ’ ^ - -^0 uninhabited district is cultivated. 

(Obverted Conver.s6 - A, - All uninhabited districtn are uncultivated. 


/Original Proposition - X - Some British mhjects are dishonest, 
j Converse - - - t -Some dishonest people are BHtish subjects. 

^Obvertea (inverse - O - Some dishonest people are not aliens, 

I 1, j f, f i ' ' ; 


, (ill) Contraposition is the inferring, from a given 
I proposition, another proposition whose subject is the 
contradictory of the predicate of the original propo- 


sitioni Tile derived . proposition . called the Contra- 
positwe-, there is no corresponding distinctive name for the 
original proposition. 

The contrapositive of any given proposition is most easily 
arrived at indirectly. It makes a predication about the 
contradictory of the predicate of the given proposition. 
Now, this contradictoij appears as the predicate of the 
obverse of that proposition. If, then, this obverse can be 



XT — j ™ is une suDiect, 

and tile subject of the original proposition is the predicate. 
Hen^e,. the pimple rule for contrape^itldiirMt ' ' 

Mrst ohnertf then convert / V///,;- - '■ 





■ EBircTiojsrs. / j-— 

Kiis will give, in eveTv cas©, a BroDositJAn • « 

SmMt/ from the original one; for o^vereion 0!^^^ 
quality, and conversion does not change it bact 
the remains unchanged, except riith^Se of 

contraposition of E ; for, obTOrsion i.®®'®® 

tity, Jd, therefore, an^^ha jr^q^Sv 
the subsequent conversion, ^ow^s A and ^ <i«sto 
E and 1 respectively, and both Sselo^lt simSv.i?° 
^anriiy wiU re^m unaltered. But E obvertsHo’ 
w&cii can only be converted per accii^m<, ^ 

Jonversion of universal propoltiona in rf£!l + ? 

;t is seen that when the^S SSn^Sf 

does not, and vicfS “ 

As I obverts to O, widcb cannot be converted fl.av 
>e no contranositTVA a-p t ortecL, tnere can 
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We get, then, the following results, expressed symboli- 
cally: — , 


i: 

Original Proposition 

SaP 

SeP 

SiP 

SoP 

'2 

[Obverse of (1)] 

Co 

1 1 

IS a Pi 

[Sop] 

[SiP] 

Pis 

s' 

Oontrapositive of (1) 

PeS 

\ Pis 

(Kone) 

4 , 

Obverted Oontrapositive of (1) 

PaS 

PoS 

(None) j 

PoS 


As material examples we may give— 

'Original Proposition - A - Every poison is capable of destroying 

life. 

[Obverse] - - [.Eo poison is incapable of destroying 

U/e.^ 

Contrapositive - - E - E'othing imapahU of destroying life 

is poisonous. 

Obvd. Oontrapositive > A - Everypiing incapable oj destroying 
. lifcis non-poisonous. 

' Proposition - E - Wo lazy person is deserving of success. 

[Obverse] - - - [A] - lEvery lazy person is undeserving of 

* . . success.^ 

Contrapositive - - 1 - Some people undeserving of success 

are lazy. 

Obvd. ContrapcBitive - O - Some undeserving of success 

. are not noidazy. 

r Original Proposition - O - Some unjust laws are not repealed. 

I ^bverse] - - [I] - {Some unjust laws are unrepealed.l 

I ^ - Some unrepealed laws are unjust. 

I Obvd. Oontrapositive - 0 - Smne unrepealed laws are not just. 



The great value of contraposition is this. The aim of 
science is to reach propositions which are in ket reciprocal. 
In such propositions the predicate is stated so definitely 
that it is strictly characteristic of the subject, that is, it 
belongs in exactly that form to nothing else, and the 
knowledge expressed by the proposition is, therefore, of 
the most precise form attainable. When then S a h h 
established, we want to know if P a S is also true; and the 
readiest way to ©itabliBji this is genemlly to ©xamme casei' 
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of S and. endeavour to establisli the proposition 8 e P 
wMcli is tlie contrapositive of P a S* Tlie importance of 
tliis will appear more clearly in tlie discnssion of Indnction. 

(iv) Inversion is tlie inferring, from a given pro- 
position, another proposition wliose subject is ■■ tlie 
contradictory of tlie subject of tlie original proposi- 
tion, The given proposition is called tlie Inmrtend, tliat 
wliicli is inferred from it is termed tlie Inverse, 

The inverse of any given proposition is most easily 
arrived at indirectly, through some of the forms of educ- 
tion we have already considered. We can only obtain the 
contradictory of a term by obverting the proposition of 
which that term forms ifce, predicate. S must, therefore, 
have been made the predicate of a proposition, and then 
that proposition must have been obverted for us to get 
non-S. Two Auctions— the obverted converse and the 
obverted contrapositive— satisfy these conditions. If, then, 
we can convert either of these we have an Inverse. Hence 
the rule for Inversion is — 

Convert either the Diverted Converse or the Obverted Con- 
traj^gsitive. 

In the case of A the obverted conversed P o S, and this 
is inconvertible. But the obverted contrapositive is P aS, 
which can be converted to Si A As both the terms of 
this proposition are contradictories of those wMoh appear 
in the original proposition, it is not the simple, hut the 
obverted, inverse. As, however, obversion is a reciprocal 

process, we can obvert this to S o P, which gives the simple 
inverse. 

In the case of £ the obverte<^converse P a 8, which, 
by ^nyersion, gives the inverse 8 i P ; this we can obvert 
to 8 0 Pf which is the obverted inverse. 

obverted converse is P o 8, which 
cannot be converted; and it has no obverted contraposi- 
tive ; there&re, it can, have no inverse. 

In the case of O there is^o obverted converse, and the 
charted contrapositive is P o 8, which cannot be con- 
verted ; O has, therefore, no inverse. 
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So tlie possible inverses expressed sjinbd|^|^^a 


5 * Z’ (iN'one) (None) 


As material examples we may j^Y€ 

pngiml Proposition - A - Everv irui 
[Obvd. Contrapositive] - [A] - [Evernnot- 
Inverse - . . o ^ Some nntn 

Obvci. Inverse - - I - Some untri 

Original Proposition - E - Efo unjust 
[Obvd. Converse] - .[A]- [Every act 

Ii wt^'se - . - I . Some just c 

Obvd. Inverse - - O - Some iuM , 


1 Original Proposition 

S a P 

2 [Obverted Converse of (1)] - 


3 [Obverted Contrapositive of ( 1 )] 

[Pa 5] 

4 Inverse of (1) - 

SoP 

5 Obverted Inverse of (1) - 

S iP 



A 

1' 1 Original Proposition - - - 

Sa P 

t 2 Obverse of (]} - . . . . . 

SeP 

f 3 Converse of (1) - - - - -j 

P iS 

1 4 j Obverted Converse of (1) - . 

PoS 

^ 5 Contrapositive of ( 1 ) - , . 

PeS 

[ 6 Obverted Contrapositive of (1) 

PaS 

^ 7 Inverse of (1) - - . . . ■ . 

S_oP ( 

. 8 Obverted Inverse of ( 1 ) - , 

8iP , 



■ EBTrCTlOFS.: , 

wine rrtculani fete the sajnl^^^T? *“"' 

are seen, perhaps, mor^ohSh 
not written in the ahstmtef f ^ ^^®n the prop 
nexionof content, but in thelblS^^^^ 
denotative forms which are^tiff-fi °< 

tW., »d .hieh « teve“aS*erdi^S - 

A. If any S is M, then ahways, that S is P. 

. If any S is M, then never, that S is P 
; fm Sis M. then sometimes, that S is p 
• f on ts M, then sometimes not, thai S 

a«*«iKfa .‘S'r/ ““ '"»»!'«»>«’ i. 1 

imply the actual oceut^.^of^t^’ ** “ 

instance; its force is reSv« u 3 ^ consequent in 

not > simpty n.eans, ‘Sa 3>tZ^,^’ 

symbolSly-^ ^ eductions from A, 

{obferse - E ' ffZy S^M flT ^ * 

, fOonve«e -i S is , 

1 Ob- Conv. . o . IfZi s^s thca S 
'• iMm' ' ^ not, 

(ob. Contr. - i . 

rinverse . n - rr \ ■ ' ^ « 

I Ob. Inv. X '* » 
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^ 3. Eanctions of Disjunctive Pronositions.— Educ- 
faons can only be drawn from disjunctive propositions in 
wbicb alternative predicates are affirmed of one subject 
They are more clearly seen if we take the denotativSns 

^ categorical A Id 1, 
and the same eductions can be drawn from the former as 


/Orig. Prop. 
1 Obverse. 

/Converse. 
tOb. Conv. 


lObv. Contr. 
/Inverse. 
tObv, Inv. 


Uperi/ S is either P or Q, 

S is both P and Q, 

Some things are either P or Q are S. 
Some things that a/re either P or Q are not §, 

JSFothing that is both P and Q is 8. 
Everything that is both P and Q is §. 

Some 8^s are neither P nor Q. 

Some S' 8 are both P and Q. 



CHAPTEE XIV. 

fallacies iecimet to immediate INEEEEMCE 

*6 opposition^o/pTOpra^OT^^ inferences based on 
then bare a fK; of oppo^Io? ^ 

i to mfer the falsity of the s^alfovn^-p ^^2®’ example, 
altemans, or the truth of the subalternaf 
subaltern, would be such a fallacy fef &om that of its 

and freqiieiitly committed falkp^M /^•p ^^^gerons 

connected -with contradiction The 
toed with the contradictoiy.' 

of altematiyes and assume + 7 ia++L ^ number 

"bk. A, we 1.™ <rs S,r »“ p»" 

tation of a disiunetiye of misinterDre- 

tiiat the alternatives given exliaus?+P to thus assuming 

this head may be P°®®i^iiities^ 

Questions. ^ Anstotle’s fallacy of Sy 

rogationum or n^® Plurivm Inter- 

get a single answer to spTera?^ Questions, is the attempt to 
to old elample : ‘ eLI ISST ^ in 

Other espies would l/°mfi J-a ®^*“^ 7^^ father ? ’ 
yw stote Est night P’ ‘Have ire tito the goods 
last is a traEtional example W S'®* ^ ’ 

ouitn® T to ComSm Th °V^i % 
quite frivolous, and the onlv iWn to-day 

separate class of sophism wIs^W +1*“^ it as a 

^sputation amongst the Hre^ft* ? common method of 
ton and answer. It Wers ^ procedure by ques- 

?if ®"°®®-®^^mim?f co3 a common 

OT the fallacy is false oppositte^^' essential nature 

0“ P-oiple^? E-lu^?Middre."^Sf Si 


■ 
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examples teke the form ‘ Is it a' or j' ? ’ and assume that it 
must be either x or y; that there is no other alternative. 
Thus the first example omits the alternative ‘You never 
did beat your father,’ and assumes that the only possible 
alternatives are ‘ You stiU beat your father ’ and ‘ You used 
to beat him but do so no longer.’ 

2. Illicit Conversion^ 

(i) Abstract. — ^To convert a proposition so that a term 
!s used universally in the converse which was only used 
paiticularly in the convertend is a fallacy not infreciuentlv 
committed. This is only possible with A and O categorical 
propositions, and with the hypothetical forms which corre- 
spond to them. When the fallacy is committed openly it 
may be called aSstraci; when it is hidden by the language 
It may be said to be concrete. The former class of fallacies 
nas been already discussed with sufficient fullness.' Under 
the latter head come two of Aristotle’s fallacies, viz. Acci- 
dens, where the ilhcit conversion is that of an A categorical 
^y^thetS where it is of a universal 

^ocidens.^ The Fallacia Aceideniia arises when a 
prevention which ca-n be correctly made of any subject is 
ma V of the accidents of that subject. But by ‘ acci- 

dent is here meant, not what is denoted by that Lme in 
Poi^hyi-y 8 Scheme of Predicables,* but, any subordinate 
part <A a general notion. Thus, eveiy species and iudi- 
acm^nt of its genus, in this sense of the term. 
The fundamental mvalidity m such inferences is the simple 
conversion of an A proposition, whence the correct convL- 

Thus^^^t.S'™ P^opof tion is said to be per accidens. 

Ihus, to take an example given by Aristotle: “Every 
tnangk has its three angles equal to two right angle? 
every triangle is a figure ; therefore, every figure hM its 
three angles equal to two right angles.” kerl we have a 
spnous syllogism with iUicit process of the minor tern 
that is, figure is distributed in the conclusion though not 
n the premise. But if the minor premise were simply coa- 

Soe p. 148. 3 See pp. 40 42-43 
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verted tlie formal argument would ha o x 

“Tet ” premise. The 

^ Jet, says Grate, “Aristotle intimates °!>'*^ous. 

geometer of his day, in argwmnTT^-i^^^ ^ scientific 
opponent, would admit the TOncInsmw^ 

Would, if asked firanf fTin -rv , ® tlie fallacy lav • kpi 

structingsucha s/lloglsm; a^d® ran- 

suppose that he had already 1 ^^ted, would 

ought to be granted,” which ^^^.t they 

us a curious insisht intn +Ti’a remarts, “affords 

tead should come a form of felW <:lus 

De Morgan under the heS of bj 

au animal is to speak truth to call jou 

Sl” animal, therefore, to caufou^lTssIs Jo^pS 

f* »“«« 0, 

the miaeia a dicta nr^Ucit^ ^ ^- another name for 

^ (iii) Consequens.-TS 

tended by Aristotle to denote 1 was in- 

inferring tiie truth of iha ^ formal error of 

“Ifcsfat. iB the S““‘ 0* tie 

of invalid conversion; in the lafw ^hat 
st^(» of illicit iuTersion t/i ^ave an in- 

vahdily is often hidden by tftn^y the in- 

ardent in wMch i/occL« complerity of 

rt is, undoubtedly +>ia ' uiost dangerous 
Sion IS necessarUy wron?bL^l > *^at a cSnclu! 

arguments, or, conversfly S 1“ supported by invalid 
support of a proposition arguments urged in 

be cogent. In both tbpso accepted as true must necessarily 
have abundant sSp*^ to ^^®P?^?®aal bias and preiuS 
conclusion is deducSi fi- operation. When 

Ifj i-^tifiedt 

proven, not that it ilZp^X% ^ conclnsion is not 
proved. In any case, it must he 

' ■dristotle, p. sn. 


§ 8, 4] ILMCIT COOTEAPOSmON AND>^^SIOE. ^ ^ fsS^, 

remembered, a proposition can only i^^isprOTed. 
cogent argument establisMng its contrMi<^iy . ^ 

_S. Illicit Contraposition. — Contra^O|i|ioit if, illfeit 
wnen the conclusion contains a distributed?-tem^::4micb 
was undistebuted in tbe premise. As contraposition 
mvolyes both obversion and conversion, it will be found 
ttat tbe invalidity is always in the latter process. Thus, 
a taUacy of contraposition is only possible when the given 

HnTif ® proposition or a hypothetical proposi- 
tion of corresponding form. r P 

Inversion.— To infer from. JEvery S is P that 
„ ^ t ^ ^ Every S is P would be to 

inversion. Thus to argue 
emstence, therefore, what contains no 
aon-existent’ or that ‘A bad man 
mubt be aiiserable because happiness is tbe result of well- 
doing IS to commit this fallacy. SimUarly to assume 
that because the proposition If Sis M it is P is estabUshed 
tbererore, we are justified in assuming that If S is not M 
ttrs woi P would be to commit this faUacyf Inductive 

enqmiyiasomewhatiliable to this error. The sufficiency 
o a positive condition to secure a given result mustnoti 
however, be held to demonstrate that the result could be 
attained in no other way. Because a certain flower is 
fertihsed when it is visited by insects, it does not foUow 
mfp/b fertilised if no insects came near it. 

Whether it is so or not must be settled by a special 
enq^y conducted under conditions which exclude the 
resSr^ a^eady known to be sufficient to secure the 


CHAPTEE Xy. 


OBNBfiAL METHOD 


OF KNOWLEDGE. 


1. Ifature of logical 3IS:etliod,-~-T2ie aim 4.1 
IS to reach exact knowledge SupL a ^ ^ ^^ought 

of science, no matter S ^ 

and the thought which deals lith“urSiiSc?r'“f'^’ 
The popular restriction of the words * ^^ought. 

entific to knowledge of ih^i 4 . - ^nd Tsci- 

logical B»»mn7 I? i. •«» «o 

meats of tnoteLjge gieater “iepart- 

been reached than in those wlnph f have 

eiiler in the prestcT oS StJ*' S 

■«ao™ i. ito LSTtti lx's?” " “•» 

sequentlj, the actions of men -Rnt wT,^i ®o°- 

external nature or with the deed-a^^-p*^®^ 
politics, economics, eE S ^ ^listory, 

aetiTitj, the aim is always to rei oh r ®'®P®o* of human 
That is, the aim is the esfaT-iliai OS'! exact knowledge, 
means adopted a^e scEfiS the 

tion, exen though they cannot 0 m concep- 

care, certainty, and exLtnm as^te '^th as much 

, In whatever department of ®^®™®try. 

mrestigator is worMng, much sad^^^^^*^^® scieutifio 

he IS hable to error Hi«i or,r,r.i- ®^jP®™^ce proves that 
be false, or they mar^ conclusions may be true or may 

What standard^ is theS Ew£ f W 

results reached are Wwo^yf^^ the 

post^te of thought is that tbo t.^+1 ultimate 

established is the only cn^^^ B/ V^e 
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iu tliat spiere advances such agreement continues to hold 

f T®. regarded as practically 

established. If it fails to hold, those conclusions must Tbe 
either rejected or modified. 

In every foim of human activity success depends on 
skill acquu-ed by long and patient practice. But skill 
means that the activity, be it bodily or be it mental, has 
graduaUy discovered the best way— or method-of getting 

lu discovery and in thinking, 
and that thirt skill is the outcome of practice becoming more 
and more eftective, rejecting the needless and disceniinc. 
with increasing certeinty the pertinent, is evidenced by 

make °a°sm w *^*i apprenticeship to 

make a successful worker in any department of know- 

ledp. The question for logic is whether this skill has 

to this or that 

sphere of thought Here logic has evidently to wait on 
the sciences. In the actual work of the study and the 
laboratoiy some methods have proved successful and have 
consequently been refined and extended: others have 
issued in failure and have needed modification if not re- 
jection. As science adyances it improves its inetlif>d«j 
and, it may be, monies the conceptions wMcb guide them’ 
toll adaptation, in so far as it touches tKmnrn 
f ’^eliave spoken, must be recognised and 

accepted bj logic. In other words, the establishment nf 
■f ® of method is itself a scientific work which uses as 
rts mai^^erial the special methods of the varioTs sScS 
^hich deal toectly with the facts of the world. But with 
the special features of these methods logic has no direct 
concern. Most certainly it makes no claim t^diSe 

2. Analysis and Synthesis.— How scientific thouo-ht 
has two mam objects-to reach truth and to ®pSt 
T he method suitable to the one of necessity difers from 
that appropriate to_ the other. For in the seLnd Ise thl 
whole system pertment to the matter in hand is known 
w the task IS to set it forth as clearly and accurately as 

U-r 
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possible. Thought arranges the uarts in flm* 

relations to eaelx other ini known lid 

arr^gement can be made mSS 
proportioned, just because the wholp i« i/ correctly 
and through. Tliis, for exaLfe 1 * W 

good ‘summing-up’ by the inJIn in a 

court,. .S«afu£ttS££®J»ff c~. i« »• kw! 
because it puts together the ekmeil! 
orderly manner detemined bv in an 

^ So we see whyThr b2l 

struetion, and all scholMtic^^=tl “ethod of in. 

centuries it was pilS£ for W 

our childhood, ‘ Euclid’s friend of 

S-fr cjua* a “ «■ 

traditional method of teaehino* too, was the 

str“2ir " 

»<■ oipoatiou i. 

wnter adopts this method he ^ ®P®aker or 

-assuming that his hearers or reade^T P^’esumably 
hk^haraeter with his own if no^f ^°^iedge of 

When, however the extent, 

not such knowledge the^emntfo^ te^h those who have ' 
learner should be fe^gnis? wui®* ef the 

teacher, the advance on the part *e 

coverj of knowledo-A an/i +t, learner is a dis 

not merely the gatferm/oftlfo accomplished is 

acquirem4t of sHlf the 

and m act. In the esseSf “ thought 

progress of thought-the wif ^ method-i.e. of the 
matter at what part of the ido always a learner, no 
knowledge he ie Wkfog. of 

see his system neailig coliS^L^ a beg^er, or he 
be has to start with fra~t« i ; “ each case 

comect those fragmente^f « wif ^o’^ledg® and to try to 
yrt other fragments, as ^ relate them to 

^bole stands before his miS till a systematic 


ANALYSTS AND SYNTHESIS. 


deals in reaUty alone 

<nfhprpi^ af • • ^ material cannot be 

f‘ ^ ■, relations whieb bind tbinp 

to tliin^ do not usually lie on the surface. On the con^ 

much labour and pain 

Of fl.o sS 

covery is essentially Aml^ic ® 

fLA 4 * methods are compared it is eyidenf tlm-f 

the former presents a much more Pnl^uL ^ ^ 

than does the latter 11 -pI appearance 

sa 5if 

:S:so““ 

Yot“^,; ‘tx'ff oSi'e“ 

H«r tier 

Imowledge is gradnal and at ever'? afo* P<^^i’ess of 

ri-bt‘4eS£tlMi 

relations dealt with are ideal 

loi thought; consequently thought can dea] 

results, But these resnlf-Q^^ui 7 ^? ^^e>ir 

—that is, they hold only under true 

fully realised in fact Stil] fA wL ■winch are never 

o» bo «pS to „rKc^ ifm'?* ■“‘'>™»fe 

boooma, .ynthefe p„r „.„p,,, SpTS 


method oj. hhowmdob. [oh is 

- ^olog^ a^a 

particular "StSd ph£Si 

enquiring mind an expknSr Thlf ^Tl^ the 

for solution, but the principles on tlfL Pi’ohlems 

pends are not apparent onX sSace VS® de! 

these principles and the facts under conJ^^^t^ “ 
knee IS often immense. To pretend x fie dis- 

stride, as Descartes says on X suhte^/^T^®® a 
general, is to wish to rise to i-hf^ a^oject of method in 

««leoKng a, Mdi StadS ,ST“ °‘ “ 

ladder is analysis. We smkhJ/. Purpose.”' That 
where possible experiment, to toach^wl and 

and essential from what is variable pennanent 

connexions so discovered are StSaS The 

ciple, and further investigation ^® or Prin- 

the dependence ^ toestabhsffg 

of wider and yet wider ZeralS- "«l^tionf 

most appropriate to the sciences whinf^”^/® method 
reality. Of these we marmoSL ^ ^th concrete 
^ analytic^ Oology and 

.<3f oolty, and 

Varku^po ® 0^^^^ of ?hSts s^st? 

and frequently the^SyCyrS^r®®" ^ ®®Stioi 

assume one of them to be true is to 

quences which foUow from it ^ ®^t the conse- 

« to fect,. Ct to “?■??« «■, 

quences is a process of srathfl«-« PJ™fPies to conse- 

1 “ “ 4 ? 

j^en* ^„au ^iflS in irtiSS 

noh de^a^ento of toow- 

^ Kabier, Logique^ p. 298, 


AJfirAIiYBIS ANI)' STITTHESIS. 


iBg from certain axioms, definitions and postulates witli 
regard to_ number and space, a closely connected system of 

truth IS developed which in its most complex pai-ticukrs is 
ultimately derived from those fundamental assumptions, 
nw? h step in transforming the general 

method of science is when considerations of exact quan- 
f® applicable. The science is then brmght 

with mathematics, which has of all the scien^s 
* °°“P^fte, because the most synthetic, method, 
the timJ science of astronomy has been since 

^ Newton largely a mathematical application 
to the mo vements of the heavenly bodies of the laws of 
motion which he first formulated; so, too, physks is 
to it^mltSds^*^^^^®^^ quantitative and therefore synthetic 

mathematics is not entirely synthetic. When, 

mv asmmA+^n^+r,®''®” te a geometrician, he 

may assume the theorem to be true and work baokw<4-ds 

to the conditions which must be fulfiUed if the tiuth li 
the theorem is to be established. If m the course of this 
regress he arrives at a condition which is realised to the 
pai ticular ease under consideration, he regards the theorem 
as demonstrated. _ If it be a problem instead of a theorem 
he seeks for conditions wWeh can be realised and then 
6ffGcts tli0 construction, desired. 

Foi- example, let it be required to describe a circle 
through two given points M, N. If P be the centr^ of 
the given circle obviously it must satisfy the conSus of 
equidistance from if and N: the middle uoint O of ^ w 

be eq^al if 

^ MQM. These will be so if tlipv 

mgleB. Kealise this condition and the proble/ ifsolS 
T le msonmg is analytic throughout and may be svm ' 
bolis^ : A depends upon B, B upon G, 0 upo/p 

a mlised or realisable conditio^.-, i at Cce foufw« 

Indeed m mathematics, though synthesis is of such im- 
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portance, progress is frequently made by a careful analysis 
of suggested theorems or problems leading back to tW 
winch hare been previously estabhshed or solved Yet 

of research to’othew 

tile syntlietic method is adopted. 

. Whenever a great and wide-reaching general nrinciolp 

IS suggested the -work in that science hecmnAa of ^ " 

Th, taS S bZ“ 

hypothetically assumed, its results are worfed out 

system as it would be were the assumption true Bni 
at the same time, and at every sten ^ •’ • ^ 

pertinent facts is pursued “.*« 

hypothesis, yet not blinded’ by partiality for^??’ 
misread the facts. The J f • '*■ to 

establish the hypothesis, but first to test u 

may be modification or even rStihn Tn ® 

SLnr 

synthetic work sroes on fov ’voav °°mbined analytic and 

establishmerofthe Shes^^^^^ 

logical sciences. W°ti^esis of evolution m the bio- 
branch of ’kuowied^a^^nor^^^^^^*^ of synthesis in one 

as a clue to possiblfsvSA»°* ® moentive but also 
the guiding thought in all thaV^ others. Evolution is now 

m ethics, as well as in politics, in economics, 

It has lifted all these ® animal nature. 

going synthesis for the fet tiL^annl^™^ 

done the same kindly service to Possible. It has 

“™ f p'-)"™' »»«. i»« » if irv™ 
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tills great principle bids fair to do as much for the ulti- 
mate synthesis of the whole of knowledge into a systematic 
conception of the universe as the epoch-making theory of 

gravitation has done. , ■ 

Though analysis and synthesis thus co-operate, there is, 
nevertheless, a profound difference between their points of 
view. In the one case thought advances to an understand- 
ing of the whole thx'ough consecutive mastery of its parts 
of their relations ; in the other it progresses to a more 
tlxoroiigh understanding of the parts through their I’ektion 
to the whole it is making more definite. Yet analysis 
retains its hold on the whole it analyses, and synthesis its 
grasp of the parts it is synthesising. As has often been 
remarked since Condillac, it is impossible to take a watch 
to pieces without at the same time perceiving, more or less 
clearly, how the parts we detach were related to the 
mechanism as a whole. Yet to take a watch to pieces is 
not the same thing as to construct a watch from its con- 
stituent pai’ts. 8o, in I’easoning we deal with wholes and 
with parts, and we may proceed from either to the other. 
But the parts are meaningless except as constituents of the 
whole, and the whole is only secured when the parts are 
fully known and related. 

The illustration of the watch leads us to remark that it 
is necessary to distinguish carefully between analysis and 
synthesis as methods by which thought grasps reality, and 
physical processes which are sometimes called by the same 
names. Doubtless the former may be aided by the latter. 
The task of unravelling the sensible complex of nature 
includes the separation of the simple elements which com- 
pose it ; and the success of such separation is evidenced 
by the possibfiity of reconstructing the original complex 
by a combination of the elements. It would be better to 
name such physical operations—of which chemistry offers 
the most obvious examples — -Decomposition and Composi- 
tion, and to restrict Analysis and Synthesis to the processes 
of thought, ^When decomposition and composition are 
possible they simply express in matter what has already 
been planned in thought. And in many cases thought 
deals with elements which cannot be physically separated, 
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other words it is the analytio thought which makes possible 
the synthetic thought which sees the watch as a watch and 
collection of queer-shaped pieces of metal. 

We _ may distinguish, further, between fuU scientific 
analysis and a preliminary division of the matter under 
consideration into manageable portions. Yet this division 
will mislead us unless it is based on something more than 
convenience^ To fruitful it must express a true theory 
ot the relations of the parts. Take as an example the 
road and apparent distinction between body and mind 
and consider how much both the biological and the mental 
scien<Ms Imve suffered from their too rigid separation. 

tin f method by which discoveiy most 

natolly st^ts when it is concerned with concretereality. 
But to say that all discovery is made by analysis would be 

™ knowledge by the add of 
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complete when ae sjnthesis has been so far accomplished 
thatihis possible within a more or less limited rmige to 
apply the pmciples which in tte main have been revealed 
of aTl^Ts!’ syatl^esis is used to verify the results 

3. Rxaes of Method. — Whether method as an orderly 

iontroLf be analytic or synthetic it is always 

contioUed throughout by purpose. The general purpose 
of all science is to reach truth. But this it of comseftoo 
Ire “ actual thought. There 
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where conditions can l>e repeated at will, as in experiment, 
tlie facts are so mnltitndinotis that no one man can verify 
them all. Moreover, in many cases, as for example in 
history, direct contact with the facts is impossible. There- 
fore, no matter what the department of knowledge may be, 
the scientific investigator is dependent to a very consider- 
able extent on the testimony of others. This testimony 
will reach Mm in many different ways and will be of di- 
verse kinds. Not only will its transmission often enhance 
the possibility of error, but its value as a record of actual 
observation will vary from absolnte untrustworthiness to 
the^ highest credence. Logical method must therefore 
indicate on what grounds testimony is worthy of acceptance 
or rejection. 

When the facts have been determined the more intricate 
task remains of interpretation and explanation. Por 
only in this way can the facts be shown to constitute in 
their universal relations an orderly system for thought. 
The constitution of such a system is effected by a process 
of reasoning which passes beyond the immediate data of 
sense, and traces out the laws wMch the phenomena 
exemplify. The process is carried further by showing the 
connexion of the laws amongst themselves, their applica- 
tion in new spheres, and where possible their dependence 
on laws more universal still. The facts from which a start 
is made are expressed in judgments, and so far as the facts 
are coiTectly expressed these judgments are true. From 
the truths thus given the mental construction of an organ- 
ised body of knowledge proceeds by the derivation of other 
truths. In this process it is essential to advance cau- 
tiously and step by step, making sure of each before pass- 
ing on to the next. As Locke put it : General observations 
drawn from particulars are the jewels of knowledge, com- 
prehending great store in a little room ; but they are there- 
fore to be made with the greater care and caution, lest, if 
we take counterfeit for true, our loss and shame be the 
greater when our stock comes to a severe scrutiny. One 
or two particulars may si^gest hints of enquiry, and thev 
do well who take those hints ; but if they turn them into 
conclusions, and make them presently general rules, they 
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4. Inferential Hatore of ^ MetliomA^®fteth.er^ fOt 
tliouglit be analytic or synthetic it proceXik^/"^< 3 ri 1 ^^ 
new truths from truths already accepted. d&^^ 

tion of truth from truth the name of Infereme^^dp^j 
belongs. Consequently inference is a constant and essen- 
tial characteristic of the operations of thought by which 
systematic knowledge is developed. 

The distinction between synthesis and analysis corre- 
sponds broadly to that between deductive and inductive in- 
ference. So as analysis and synthesis mutually co-operate, 
and to some extent each implies the other, we must take 
care not to oppose deduction and induction to each other 
as though they were independent modes of thought. Both 
help to interpret the one system of reahty. They differ in 
their starting-points, and consequently in their modes of 
advance. 

All thought takes place within some system which it 
seeks to explain, whether it be the system of reality as a 
whole or some more restricted province of thought, as one 
of the particular sciences. The process of thought will aim 
at defining more clearly those relations holding between 
the parts of the system in virtue of which it is an organic 
unity. At any given moment the organisation of the 
system will be more or less complete. So far as it is 
complete we shall have a number of propositions expressing 
relations holding universally within the system; and so far 
as it is incomplete a number of particulars awaiting ex- 
planation through the universal which they express. To 
exhibit these particulars as inter-related parts of the whole 
we may proceed to develop the imperfect organisation in 
either of two ways. Suppose the universal to serve as the 
starting-point of explanation. In that case it is applied to 
the particulars which come under it, and thus we arrive at 
a fuller knowledge of the system. For example, our uni- 
versal may be the law of gravitation, and we may apply it 
to the case of a bullet shot from a gun in a given dhection 
with a given velocity, and thus determine the path which 
the projectile must necessarily take. Such a process is 
deductive and synthetic and on its formal side is examined 
in the theory of the syllogism. 
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On the other hand we maj start with the unexplained 
particulars and try to read them off as members of the 
system. This can only be^ accomplished by finding the 
TiniYersal relations which bind them together. Thus the 
conjunction of the south-west monsoon with heavy rain is 
shown after a careful examination of the particulars in- 
volved to depend mainly on the general laws which govern 
the action of heat on the sea and atmosphere. Such a 
procedure is called inductive, and the examination of the 
facts involved is that which we have already described as 
analysis. It is an insight into the nature of the whole 
or system based upon a careful examination of the parts,” ^ 

But Induction is commonly used to cover the whole of 
scientific method by which we seek to go from particular 
facts to general law, and it is, therefore, a wider term than 
analysis. For, as we shall see more fully later, the induc- 
tive method is based on deductive principles throughout. 
All methods of experimental enquiry involve deduction, 
and whenever in the course of the enquiry observation 
suggests a hypothesis to explain the facts, the results of 
the hypothesis are unfolded in syllogistic form. In short, 
we may repeat aU that has been said on synthesis as 
supplementing analysis as applying to the relation between 
induction and deduction. 

Nevertheless, there is a distinction of aspect between 
induction and deduction. In induction reality presents 
itself in concrete and particular isolated instances, and the 
task of inference is to discern the universal which is more 
or less hidden in those instances. To this universal a clue 
is sought, while in deduction on the other hand the uni- 
versal is given. In the one case we are seeking some 
bond of connexion; in the other, we are given the con- 
nexion and seek to know what is bound together by it. 
Thus in deduction reality first presents itsefi in its uni- 
versal aspect, and inference traces that universal through 
the differing and complex instances in which it manifests 
itself, while m induction the direction of the whole pro- 
cess is reversed. The distiaction is, therefore, solely one 

^ OwightOQ, An Introductory Logic^ p. 385. 
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of tile order m wMcli the two aspects of imlity are 
pieseiited to us, and this difference can have no effect 

or upon our final conception 

ot ity when we know it in both its aspects. 

^ 5. Wature of Inference.— It is now time to examine 
ww f “ffrence wWcli is the most impoi-tant char- 

e’ri'Jent from the general 
^ given that induction and deduction, 

and also analysis and synthesis to which they to some 

mwd* ““Ply inference. But it may be 

observation, which give the 
the^Mi*^ w'^ .“‘Auction starts, are not L quite 

Testimony, it will be 
giant^, is_ one remove or more from the facts which it 
^ms, _and the process by which we get hack to them is 

observation the contact 

Ylfmktal-! “ve as a man senses them. 

Yet mistakes in observation clearly show that thiuo's often 

kte th^fit,?®^ observed to be, and it iviU be^evident 
later that eiror creeps in for the very reason that infer 
ence was present and was incorrectly ma^* We maV 
h^iSerenre.*^^* method is characterised in all its stage! 

The cWlenge of the truth of a judgment may arise from 
the practical needs of life or from the ideal of demonstra- 
tion which science sets before itself. In any caseTt can 

dhecth)n^f*+?^ judgment either in the 

diiection of the reasons which support it or in that of 

the consequences which flow from i£ At every sten both 

evidence foi tliein must be examined until data are reaclif^d 

which are undisputed. The chain of reasonteg wfll g 

tSgl?I]uL is seen to foUow necessarily 

tnrougii all the intermediate steps from those facts or 

pimciples which are beyond question. The proposition is 

Sr.!? r:**; s 

plete. Now it IS of no importance from the logical 

^ See Ck 26 .^ ■ 



178 01NEBAL METHOD OF KWOWMBGE. [cH. 15 


point of view whether the judgment so demonstrated is, or 
IS not, new. Obviously we may seek reasons for a fact which 
is familiar, though we may never have been conscious of 
the grounds which constrain us to accept it as it is. For 
example, we may seek the meteorological conditions on 
wliich the coldness of the east wind depends. But when 
we reach the conclusion, Hlierefore, the east wind is cold,’ 
though we know the fact now in a new way, and see its 
relation to facts hitherto not known or disregarded in this 
connexion, it is not the novelty of the relation but its 
cogency which constitutes the inference. Indeed, the 
whole series of premises might be as well known as the 
conclusion to start with, and the logical character of the 
process would remain the same. For it consists essentially 
in the exhibition of the necessary dependence of the facts 
on one another. 

For is it different in those cases where a conclusion is 
reached which is new in the sense that hTewton’s laws of 
motion were new when he first enunciated them. Here 
the same test has to be satisfied as in the first example we 
considered. Are the propositions so combined that the 
conclusion issues from them inevitably, and are they of 
such a nature that they have a like necessity immediate or 
derived? Then it does not matter whether the final 
judgment is familiar or unfamiliar ; the conditions of 
coiTect inference will have been fulfilled. 

It is not correct, therefore, but is to confuse logic with 
psychology, to describe logical inference as a passage from 
the known to the unknown, even if we define the unknown 
as that which is seen for the first time to be dependent on 
given truth. The mathematical demonstration is as much 
inference at its last repetition as on its first discovery. 
The essential point is that the conclusion of our reasoning 
be necessarily conditioned by the reasons advanced in its 
favour. What is meant by the description is that these 
reasons must be known to be true if there is to be any 
valid inference in the wider sense of the term. 

The problem then arises, how can there be, from known 
truths taken as premises, the assertion of another truth 
distinct from them, and yet owing its assertion to them. 
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ir we affirm that “Flowers are transient " and that 
“ babies aa-e expensive,” and try to link the two facts to- 
gether our thought is baffled. As we say, we cannot see the 
connexion beiween them. But suppose that instead of the 
nrst tact we have the statement that “All expensive things 
have a Inmted sale ” our thought at once goes forward to 
the assertion that “ Sables have a hmited sale,” because of 
the common quality of expensiveness. Fow this quality is 
a universal : that is, it is common to both propositions, 
iind, untess there is to be the abrupt arrest of thought cz- 
perienced, for instance, in the attempt to draw an inference 
irom the transiency of flowers and the oxpensiveness of 
sables, we must find some universal through which the 
facts are connected. Only through the existence of such 
uuiversals is inference possible at all. If one fact had 
nothing m common with another we could never seek a 
leason tor it outside itself. Each would be presented to 

wnuM isolation, and organised knowledge 

would not exist. Hence science resolves itself into a 
search for universals, and in proportion as these are dis- 
covered, the mter-relation of fact with fact becomes more 
evident, and a firm basis for inference is secured. 

P I is both a formal and a material 
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ccount ot all the complex conditions which are found in 
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^hich the transition from truth 
truth is made. Of the adequacy of these in imf Sb 
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6. System.—InfereiiGe wGiild be . impossible apart from 
a system. ITow tbe conception of a system is one that we 
have frequently employed. By it we mean, a whole in 
which each part has a definite and necessary relation to 
every other if the whole is to be constituted at all. A 
machine may he taken as an example. Displace a lever, 
unscrew a bolt, re-distribute the parts, and the machine as 
a machine ceases to exist. The nature of the whole deter- 
mines the nature of the parts, and the nature of the parts 
determines the nature of the whole r there is an essential 
thread of relation binding all together and each to each. 
Contrast a heap of firewood. It forms a whole in which 
the sticks are the separate parts, but the position of each 
in reference to the rest is a matter of indifference, and 
there is no necessary relation between them. 

If we suppose, then, some knowledge of a system, the 
possibility of inference is at once apparent. For given the 
; truth about any part we can pass to the truth of some 
I ’ other part through the universal relations in which it 
stands to the whole it helps to constitute. These relations 
express its nature, and in them the nature of the whole is 
potentially revealed. Consider the case of a workman who 
in the course of excavations turns up a human jaw-bone. 
He may not recognise it as such, or if he does, he regards it 
curiously, and casts it away. He has no useful system 
into which the fact will fit, and so receive a fuller meaning. 
But the geologist with the same preliminary data can 
I ; j commence a process of thought by which he constructs 
Ai. mentally the conditions of life that must have prevailed 
during the time when the human being of whom this sole 

B 2. relic remains was stiU alive. He determines perhaps that 
it must have been preserved from pre-Mstoric times. The 
^ a'Jia'tomist, too, from the size and shape of the bone can tell 
|| I a great deal about the physical frame with which alone it 
r “would have been consistent. He may, perhaps, show that 
muscles of much greater strength than is common to- 
could have moved it. 

some such way a number of inferences impossible to 
- * - : the workman might be drawn by the man of science because 
possesses a knowledge of the systems appropriate to the 






fact to l>e interpreted. Bnt lie too would liave failed to 
make an inference if lie liad not had a system, of ijater- 
related truths enabling him to pass from wliat was given 
and recognised as a part of the system, to its meaning in 
the light of the whole. 

The extent of possible inference will coincide with our 
knowledge of the system within which our thought is 
working for the time being. The citizen knows enough of 
tjhe tiuniway system of his city to be able to decide what 
Od,y he must catch, and where, in order to get to any place 
within a specified time. But beyond that, and indeed 
otten witlim those limits, Jiis thought is apt to be vague. 
Ask him what power is needed to move the cars, how it is 
generated and distributed, what inclines can be safely 
attempi/Hl and why, a>nd he is soon at the end of his 
teiJier. Not so with tl^e electrical engineer, whose know- 
jedge of the system goes deeper, and whose capacity, there- 
fore, to answer questions that arise is greater. If it is 
proposed to introduce a new type of car, he can tell in his 
study what conditions it must fulfil to be safe; or if any 
extension of the service is contemplated, he can work 
out from the data which a preliminary survey supplies 
what alteration of his source of supply will meet the new 
demand. Both citizen and engineer infer; but the wider 
scope of the one is the result of a wider acquaintance with 
the relations subsisting between the various parts of the 
system. ^ 

It is evident, then, that within the one ideal system of 
perfect knowledge there are many actual smaller systems 
wliicii are Imown with more or less completeness. Of 
these the most important are those winch serve a scientific 
puipose. A minor system which satisfies a practical need 
such as that represented in a ra,ilway time-table, may be 
known through and through, but that is never tlie case 
where the governing aim is a knowledge of reality. The 
power to infer breaks down at some point or other ■ the 
enfflneer, for^ example, cannot answer eyerj question. 
Wnere tlxat is so a problem arises for solution. ITow 
bowaver the solution is reached, whether by a process 
ot analysis or synthesis, or by both, it presents as 
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a, claim to form, part, of a system. The claim is estab. 
lished wlien the system as it stands, or if need be as 
reorganised, incorporates it in such a way as to make a 
chain of inference more complete j it is disallowed when it 
is found to be repugnant to existing systems and to 
suggest no modification of them in which it would find a 
consistent and necessary place. All adTance in knowledge 
is made by the perfecting of systems through inference 
whether in the way of completing their internal organisa- 
tion or in establishing connexions between them which 
bring us nearer to the ideal system of perfect knowledge. 

But knowledge, though essential, will not alone give to 
the individnal the power of inference in any department 
of thought. Especially is this the case in the labour of 
discovery. Men differ in the sagacity they display in 
seizing on the relevance of facts and in discerning the 
right kind of relation. The search for the universal which 
explains is easier to the genius of one man than to that of 
another. ‘‘ Darwin was noted for his keenness in detecting 
connexions which escape the ordinary eye, as well as for 
his skill in giving explanations of them. On one occasion, 
he observed that in that part of the country where he lived, 
clover was abundant in the fields which were situated near 
villages, while the outlying fields were almost destitute of it. 
What now, he asked himself, is the connecting link be- 
tween these facts? Some investigation of the matter 
convinced him that the three agencies which produced this 
result were humble-bees, mice, and cats. The bees fertilise 
the clover flowers, and thus make the plant abundant, the 
field mice destroy the bees’ nests, but the cats go out from 
the villages into the fields near by, and destroy the mice.’’^ 
Thus the existence of the personal factor precludes the 
laying down of detailed precepts for the conduct of pro- 
cesses of inference. At the same time it is possible to 
frame general rules of method which should be observed 
in the conduct of scientific investigations. 

^ Creighton, An hUroductory Logic j pp. 381-382. 
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1. Applications of General Method.— Thouglit in 
Its attempt to .attain systematic and exact knowledge always 
proceeds bj analysis of some part of wliat is giren in 
experience and synthesis of the results of that analysis, 
ihese are always combined, but the relative shares of ^eli 
and the mode of their interaction are determined by the 
na,ture of the material with which thought deals. *Thus 
ansa three great departments of thought— the mathe- 
matical, the physical, and the historical. Hot that these 
are isolated: on the contrary they not only overlan but 
mtertwine. ^ 


2. Mathematics. 

(i) An^ysis of Data.— The most general, because the 
most abstrMt, is mathematics, which began in investisra- 
tions of relations of quantity. Now quantity is at once 
discrete and continuous, and these aspects may he dealt 
with apart. So have developed the algebraic and the 
geometnc mathematical doctrines. 

In the algebi-aic sciences of number the element of 
continmty involved in the need for constant and uniform 
units in all enumeration is assumed. In the geometric 
sciences of continuous quantity— or occupation of space— 
the possibility of indefinite division is similarly taken for 
granted For example, any number of points— or positions 
mw Iw conceived m a line. But mutual implication is 
not ntentity. _A hne is not made up of points, nor a snr- 

n f can the multiplication of mro 

give aught but zero. We can so analyse a surface as to 

1S3 
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think of its length, but no synthesis of mere lengths can 
give the idea of anything but length. That is to say, the 
unit reached by analysis of a line is one of length only. 

It is certain, however, that surface is apprehended by 
the senses, that lines can be traoed by the eye as boundaries 
of surfaces, and, indeed, that all mathematical ideas have 
their birth in sense-experience. 'From this it has been main- 
tained — as by Hume and J. S. Mill — that mathematics is 
an empirical science in the same sense as physics.' But 
this implies that the mind passively receives impressions. 
On the contraiy, it deals actively with them by putting on 
one side all it does not need for its present purpose. A 
surface is known in sense-experience not simply as a 
surface, but as the surface of some solid ; a line is not 
merely a line, but a boundary of some surface ; a point is 
not mere position, but a small sui'faoe. Not the senses, 
but the analytic power of mind, seizes on one aspect and 
ignores the rest. This aspect can be made an object of 
thought but cannot be presented in sense-imagination. 
We can tliinh of a point or a line, but we cannot 'picture 
one. Nor can ideal notions be reached from comparison 
of imperfect objects. Mill argued that the idea of a 
straight line results from eliminating divergences from 
straightness. This begs the question hopelessly, for, with- 
out the idea of straightness, nothing could be apprehended 
as divergence. 

Though then it is probable that mathematical ideas 
were first suggested by reflexion on sense-experience, yet 
those ^ ideas are not pictures — or pale ghosts — of such 
experience, but are tools forged by the analytic power of 
the mind for dealing for its own purposes with all those 
relations given in experience into which space or number 
enters. This, too, makes it easy to see why mathematical 
relations are never exactly exemplified in physical relations. 
It is because the latter always contain more than the 
former, so that the former have to be dug out from the 
matrix in which they are embedded. 

It is, then, the peculiarity of mathematical ideas that they 
are constructions of thought dealing with relations that 
can be defined exactly, and permitting of deductions which 
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need no confirmation of tlieir yalidity by any further 
reference to experience.’ This does not mean that they 
are entirely arbitrary. “We want our numbers not 
merely to verify mathematical formulae, but to apply in 
the right way to common objects.” V But when number 
has been so conceived that it allows this application, the 
science of number can be developed without further con- 
sideration of the things to which it may be applied. It is 
the same with geometry. “ Experience plays an indis- 
pensable role in the genesis of geometry : but it would be 
an error to conclude from this fact that geometry is an 
experimental science, even in part.”® Tet, in spite of the 
fact that its conceptions are abstract and can be logically 
elaborated without necessary reference to external reality, 
geometry like number has its practical applications. 

Since the whole structm-e of mathematical knowledge 
depends on the accuracy of the notions which are its 
foundation, it is necessary that these should be clear and 
precise. Thus definition is of first importance. On the 
other hand, as these notions are the results of analysis, it 
is inevitable that their distinctness should be progressively 
attained. As analysis pierces more deeply it is apt to jay 
bare uncertainty and absence of rigorous definition even in 
the most fundamental notions. Much work of this kind 
was done by the leading mathematicians of the last 
^ntury. “The labours of the great analysts— Gauss, 
Cauchy, Eiemann, and Weierstrass— all tended to increase 
our knowledge of the higher mathematical relations, but 
also to reveal the uncertainty and absence of rigorous 
definition of the foundations of arithmetic and of geometry 
Accordingly we find these great thinkers continually inter- 
rupting their more advanced researches by examinations of 
these principles.” * As a result of this movement older 
proofs have been remodelled or abandoned. Assumptions 
tacitly made have been justified or shown to be untenable. 

’ Of. pp. 469-473. 

® Russell, IntrodtKtion to MatJiemaiiad Philomphy, p 9 
® Poinoar4, La Sciewe et VITypo(kAm, p. 90. 

Vol^Il'^’pp European Thought inthemMteenth Q&mtry, 




A clearer insight into the nature of the foiinda-tions of 
mathematics has been gained. Such notions as continuity, 
the infinite, and form, have been examined more exactly 
and defined more precisely, and, as a consequence, a more 
adequate conception of their significance has been reached. 
As Mr. Whitehead says : “ The whole difference between 
the older and the newer mathematics lies in the fact that 
vague half-metaphorical terms like * gradually ’ are no 
longer tolerated in its exact statements. Modern mathe- 
matics will only admit statements and definitions and 
arguments which exclusively employ the few simple ideas 
about number and magnitude and variables on which the 
science is founded.” ^ 

But, further, the ideas derived by the first act of 
analysis and expressed in such definitions as those in 
geometry of point, line, etc., are themselves subjected to 
analytic enquiry. Instead of asking what can be defined 
and deduced from what is assumed to begin with, we ask 
instead what more general ideas and principles can be 
found, in terms of which what was our starting-point can 
be defined or deduced.*! ® 

(ii) Synthetic Use of Bata. — There is, then, always 
analytic work to be done in mathematics, but it is within 
the power of those few minds which have mastered all 
that has been achieved already. The ordinary worker is 
concerned rather with applying knowledge already estab- 
lished. Either in pure mathematics theoretical conse- 
quences^ are inferred by a continuous train of reasoning, 
or in mixed mathematics relations of quantity are applied 
to the^ explanation of physical phenomena or to the con- 
struction of physical instruments. In both cases the pro- 
cedure is essentially synthetic, the derivation of conclusions 
from premises. The first premises are such axioms and 
definitions as have stood the test of analysis. These are 
closely inter-related. For an axiom is a statement of 
which the truth is manifest when the terms in which it is 

1 Whitehead, An Mroduciion to Mathematics, pp. 155-6. 

Kussell, InAroductio7i to Mathematical Philosophy, p. 1. 
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expressed are precisely apprehended. Such a statement is 
called ‘ self-evident,’ whicli means, not that it is so plainly 
a truism that nobody can fail to accept it, but that no 
evidence outside itself can be brought forward to support 
it. From these descend interminable chai ns of inferences, 
in which the conclusions of each step foirm the premises of 
other steps. Throughout, the material dealt with is 
absti-act— relations of magnitude simply as magnitude, 
and wholly indifferent to questions as to what things the 
magnitudes represent. The reasoning is syllogistic when 
a more general relation is applied to a less general case, 
but it may be an immediate synthesis of the general 
relations combined in the specific case; as in the fonns 

ot relation specified in Chapter XXiy„ §3. 

(iii) Sj^bols.— Attention is more easily confined to the 
aspect under consideration, and the abstract character of 
mathematical reasoning thus more emphasised, when ideas 
or thmgs are represented by symbols. This very emphasis 
of the abstract bnngs out its general nature, so that its 
steps are more immediately apparent. Comparison of a 
numerical operation expressed arithmetically in figures 
with the same relation translated into general algebraic 
literal symbols gives a familiar illustration. 

1 f?., • relations dealt with may be em- 

bodied m figure.?. But here the tendency to lean on the 
figure is apt to become operative. And this is a danger. 
JJor the figure used is a specific material thing, and? as 
such, has many qualities, even of magnitude, other than 
those with which the problem under consideration is con- 

1 ■;! *0 the schoolboy who 

IS misled by the accidental shape of the triangles he has 
drara to deduce general conclusions from these accidental 
specific relations, hut, as complexity of geometrical con- 
struction increases, the tendency to appeal to the figure as 
'idence IS greater. But much as a figure may aid in 

SStef ‘"is*® «an never 

int5Hn/wf^ puts it : “ the space- 

mtuition which is so essential an aid to the study of 

geometry is logically irrelevant : it does not enter into the 
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premises -wlieii tlie j are properly gtaterl, nor into any step 
of tlie reasoning.” ^ 

In its searcli after exactness and precision, then, inatlie- 
matics has freed itself ever more completely from the 
material given hy sense-perception with which it started. 
It has learnt that intuition cannot give ns exactness, nor 
even certainty, and this has been recognised more and 
more. It teaches ns, for instance, that every cnrve has a 
tangent — ^that is to say, that every continnons function 
has a derivative—and that is nntrne. As certainty was 
required, it has been necessary to give less and less place 
to intnition.” * So the ideal of mathematical method may 
be summed up in the words of Mr. B. Bussell; No 
appeal to common sense, or ‘ intuition,’ or anything except 
strict deductive logic, ought to be needed in mathematics 
after the premises have been laid down.” ^ 

This by no means implies that mathematics has no re- 
lation to the real world of things. On the contrary, of 
that world, mathematical relations are constituents, and 
mathematical calculations are capable of deducing physical 
truths, as, for example, when by a wonderful exercise of 
pure mathematics Cleric-Maxwell predicted in 1865 that 
the speed of the electro-magnetic impulse is a constant of 
300,000,000 metres (roughly 186,000 miles) a second, 
identical with that of light. 

(iv) System.-'-Method in mathematics thus shows the 
elements of analysis and synthesis in, as it w^ere, a skeleton 
fonn. ^ All extraneous matter is stripped froin relations of 
quantity, all that would interfere with their perfect opera- 
tion in the world of things is ignored. The result aimed 
at IS a system of relations self-contained, and, within those 
limits, ideally perfect. This system is , not yet complete. 
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ot kuuwleclge. “ Mafciiematical sciences as they develop 
dovetail into each other, and share the same ideas in 
common. It is not too much to say that the various 
blanches or mathematics undergo a perpetual process of 

co'ilesce*^^^°^^* they become generalised, they 

o. Plysical Sciences. — Next in order of decreasing 
biinphcity to matheinatics comes the group of sciences 
winch deal with inorganic nature. Yet, even here, the 
romple.\itv pf phenomena is so great that it can be at- 
tacked only in detail. So arise the mechanical and chemical 
bcioiices .Further, each of these is a general branch of 
knowledge including divisions and sub-divisions, each deal- 
ing with Its own sets of facts and problems. And as in- 
sight into detail increases, the sub-division of investigation 
minute. Analysis is prominent at every 

Yet this division of labour is only a matter of con- 
venience, or at most of necessity, imposed by huinan limi- 
tations ot time and capacity. Not only does it not affect 
the unity ot the material world, hut no true scientific 
investigator ignores that unity. Bach science lends its aid 

LSnllf chemistry, for example, are 

mutually helpful, and each owes many of its greatest 
achievements to the aid of mathematics. Synthesis is 

operative throughout. 

The aim of the physical sciences is to understand the 
moronic world by brmging its phenomena under one far- 
reaching generahsation. It must, therefore, begin with 
tacts ot experience, and it must be justified by the power 
ot its generalisations to explain those facts in all their 
complexity as due to specific combinations of general forces. 
Its method is, therefore, that process of induction which 
IS examined m detail in Chapters XXV.-XXXIV., and 
whmh need not, therefore, be further discussed here. 
bufliM it to say that — whereas in mathematics validitv of 
conclusion depends wholly on accuracy of reasoning from 

^ Whitehead, qp, cii,, p. 116. 



4. Natural Sciences. — However tliis inaj be, tlie 
extension of tbe meclianical theory to the organic world, 
mclnding^ man, is wholly unjustified. For there the new 
fact of vital energy is dominant. The doctrine of evolu- 

^ Of. pp. 167-109. ^ Whitehead, op, cit,j pp. 47, 48. 
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self-evident statements of clearly apprehended relations, so 
that the task is predominantly one of inference— in physics 
and chemistry the difficulty of the task is essentially in 
ascertaining the general relations involved in actual occur- 
rences which are always extremely complex. Hence, every 
such relation is apprehended tentatively. It is, in short, 
at first a guess — or hypothesis— the justification of which 
must be sought in ever-deepening analysis of the concrete 
facts with which alone experience furnishes us. 

Hypothetical synthesis, therefore, interacts with analysis 
ever pushed more deeply into experience. In that analysis 
physical objects and processes have to be manipulated. 
But, as was pointed out in the general discus“sion of 
method, this manipulation is not logical analysis and 
synthesis.^ Those are modes in which thought works in 
view of the disentanglement of physical facts which is 
facilitated by mechanical means. 

The further the work advances the more the inter- 
connexion of the abstract relations discovered by thought 
becomes apparent, and the possibility is naturally suggested 
of bringing all under one conception. Such a conception 
is the mechanical theory of the inorganic universe — the 
finding the explanation of all the pertinent facts in com- 
binations of one mechanical force. This claim of dynamics 
to be ultimate ** amounts to this : namely, that the various 
qualities of things perceptible to the senses are merely our 
peculiar mode of appreciating changes in position on the 
part of things existing in space,'’ thus making the laws of 
motion ** the ultimate laws of physical science.'’ ^ Qn the 
adequacy of this theory, even in the realm of the inorganic, 
the discovery of radium and the Einstein theory of rela- 
tivity have thrown increasing doubt, so that at present the 
claim cannot be regarded as substantiated. 
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tion has profoundly modified the point of view from which 
the phenomena of living beings must be regarded. These 
are now seen to be products not of mechanical forces im- 
pinging^ on inert matter, but of the reaction of a non- 
mechanical force on the inorganic environment. Analysis 
of the existent is inadequate by itself to lay bare the course 
or events. Hypothetical assumptions of laws of vital force 
must be made and tested. And in the testing constant 
appeal must be made to all the evidences of the past which 
bear on the subject as well as to observation of changes in 
the forms of life wdnch may be observed or brought about 
in the present. The method is still inductive, but the 
scope of the inductive inquiry is much widened. 

_ At present no certainty has been attained. Darwin's 
tlieoij of natural selection is not generally accepted as 
more than a preliminary and imperfect hypothesis, and the 
gi ©tit question of the inheritance of acquired characteristics 
IS still unsettled. The historical systematisation of the 
therefore, still in the making. 
V\ hat IS certain is that no mechanical theory is adequate 

to explain the phenomena of life. 

5. Historical Science, 

(i) Gatlieringf of Facts. ^In its reference to evolution 
in time natural science is intermediate between physical 
science and history, which, in the usual sense of the term, 

IS the study of the thoughts and actions of men. Here a 
lurther element is introduced, in that man’s acts are deter- 
mined by puijoses consciously conceived. Fot merely 
life, but a life guided and determined by wiU, is to be 
explained. 'As the matter of the physical sciences is more 
complex than that of mathematics, and the matter of the 
natural sciences more complex than that of the physical 
sciences, so the matter of histoiy is more complex than that 
of the natural scienws. We hare here reached the highest 
end of the _ scale. It is evident, then, that mechanism is 
even more inadequate as an explanation of the evolution 
of civilisation than as explanatory of the forms of vege- 
table and animal life. Yet, during the dominance of 
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mechanical theory in the last century, such 
confidently made, as in Buckle’s Histm 
History not only deals with the 
hut it is largely unable to help itself bv 6\... 

«in get but little help from direct obserration 
that the consequences which follow some definifA 
change as e.g. a law of prohibition of i ” ' 

u i XI observed and c‘ 

But there is no certainty that the results 
sight they appear to be, for never does tte 
opei ate alone and unmodified by other fo 
will. Moreover, the rangre of such oI-isav, 
very limited 
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knows the language in which a document is written, can 
decipher a manuscript or an inscription, is familiar with 
the Tarjing forms of official documents, in short, that he 
has atudied the ‘auxiliary sciences ’ needed to equip him 
lor me special researches which he may undertake. Thus 
equipped he is prepaiod to begin the process of making 
sum ot the facts by criticism of the sources themselves. ' 
Jiixternal criticism seeks to determine the date of a 

document, the author, and place of origin. Each of these 

partieukrs may be quickly and surely determined, or may 
demand careful, perhaps prolonged inquiry. The text will 
be examined for any indications of time, place, or persons 
rom which mferences to the date, authorship, or place of 

nIS may give a clue to the 

™ references in other works, 

li they exist, must be scrutmised and assessed. The result 
of this process of reasoning may vary through all degrees 
of probability to moral certainty. Whatever use is made 
of the document for the establishment of facts wiU be 
conditioned by the degree of certitude attained. Before 
reliance can be placed on a document which has S 
shown to be of a certain authorship and date, it mist be 
ascertained that it is not a copy, iA whole or part of an 
earlier document, and the accuracy of the text must be 
estabhshed. _ Printed documents are not immune from 
error, and prior to the days of printing, when manusoripfe 
were multiphed by hand, corruptions of the text crept^in 
in numerous ways. Mistakes in copying, additions falsifi- 
cations, omissions, are common; they cannot be detected 
by a comparison with the original manuscript since as i 
rule, this has ihsappeared. Copies that Tiato lire o? 
ph ««mpleteiiess. The earliest manu- 

^ example, belongs to the ninth centurv 

f toir? To obtain as accurate 
a text as possible manuscripts are compared with one 
another, and with quotations or paraphrases of passao-es 
tiiat may be found in earlier writers, and, whenever the 

Sado.'^ " ” be conjecturally 

When external criticism has done its work it is followed 

13 
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by lutemal criticism, tbe object of wbicb is fn -ft-nri ±i 
the meaning of the author, L sm 

and to determine the value of his testimony to them TV ’ 
raises questions as to the trustworthiness nf 

which are discussed in Chapter SXyill ^ testimony 

The facts recorded in documents refer to uors,^.,» 
ideas, and objects, that cannot be knora Sctk ®' 
must be reconstructed in imagination This 
the chances of error ereater than in ,.®P™eess makes 
Ofta tie (act. 

necessary to fill in the gaps by inference^ t a 

already established. But the mental 


Reference iris es;3an;T« 

sciences: the difference lies in the Setbol^Tf 
facts are ascertained and rerified^ Manv WstJ 

a^L-e devoted mainly to the esSshmel 

them interpretation takes a subord nate place Lcft^ 
facts are disparate in femce the 

This is a preWa^ step to meffeif rl 
them. The most obvious bases fov about 

and place, with reference to inrlivir time 

determination of SS^of timf ^ .f groups. The 
and the decision on SrionstitoSs place, 

partly on the facts, and partly on the obifc^^^ depend 
so. the classification will contoto W. ^ 

; and this can be arranged under headinM^o material, 

• nature of the facts themselves-snlW-^®''''^?*^ 

1 1 ias war, Ww, language, science, rel^jS'fndustrw”^^®’ 

^ merce, education. Th^ far*fe luaustr^r, com- 

n.j iiui'i aetioas slarod and repeated^*^.*^'^ ^ 

I* ^ records documents are such 

' languages in which he has codes of laws, the 

I a,nd thoughts, which have grown^S^iW^^^fif ' 

ir "asxs.?^ o' “feia KfiSll 
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greater error than to confuse record with fact, and to 
assume that whatever has been recorded is true. Eecords 
must be examined critically, and guesses— or hypotheses — 
formed as to wliat tiie facts wMch tliey roTeal — -or disg'niso 
-“roallj were j and tliese iiypotHeses tested by relating 
tnem to otber facts similarly suggested or more surely 
witnessed by language, laws, buildings, artistic products. 

^ (li) Explanation. — ^Historical explanation seeks to pass 
from tbe facts to tbe conditions wMcb bave determined 
tnem. Ultimately these conditions are to be found in the 
motives and actions of men in relation to their physical 
envponment and to one another. The ideal would be to 
exhibit the facts in a causal series which would show the 
successive changes that have taken place as conditioned by 
what preceded them, and conditioning what followed. Such 
a construction can never be more than an imperfect approxi- 
mation. All the facts are not known, and many that must 
be used are the result of a more or less uncertain con- 
jecture made with a view to understand the changes that a 
comparison of different periods of time shows have somehow 
taken place. The historian may not only be embarrassed 
by a paucity of facts ; he may be overwhelmed by their 
superabundance. It is then necessary for him to make a 
selection. Inevitably be will oboose what in his judgment 
has had a detennining Muence on later events and ideas • 
the perpnal factor in historical construction is a greater 
disturbing element than the personal equation in the in- 
vestigations of physical and natural science. 

In his imsoning the historian is guided by his knowledge 
of human nature, which is assumed to hav'e remained the 
feame in its essential features throughout the historic period. 
By means of this knowledge, however acquired, he endea- 
vours to relate fact to fact, in order to show the causal 
connexion ^ between them. The facts have been established 
by analysis: the reasoning from them is deductive or 
synthetic. ^ An appropriate general principle is sought 
under which the historical judgment of fact can be sub- 
sumed, and from these premises the conclusion is drawn. 

It is true that in exposition the transition often seems to 
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sbe directly from fact to fact, but on examination it will be 
found that a general principle or Maw ’ must be assumed 
if the connexion, is to be established. 

Sequence in time does not in itself prove causal relation 
Here great caution is necessary. As Dr. J. Holland 
Eose remarks on the coui-se of events in the Erencb 
Eevolution: “We, who know how one event led on 
to another, find it difficult to escape from the attractive 
but fallacious conclusion that the sequence was inevitable 
The nund loves to forge connecting links, and then to 
conclude that the chain could not have been made other 
wise — a quite gratuitous assumption.” i 
The cerUinty of the conclusion cannot go beyond the 
certainty of the premises. There may be an element o? 
doubt about the facts themselves, and the general principles 
L ^ precarious foundation ran^g 

from a high degree of probability to pure conjecture.^ If 
historical generabsations form part of the reasoning thev 
are infected with a like uncertainty. Hevertheless^here 
are many facts that admit of no doubt and principles 
which_ it would be pedantic to reject; and a conclulon 
relsonffig!"® ^ strengthened by convergent lines of 

fbJwhS? requires the determination of 

the whole of the conditions operative in bringing' about a 
given change ; but the field of history is too vast for this 
requirement to be fulfilled, so far as it can be under Se 
limitations already outlined, without the cooperation of 
many workers. The historian is obliged to confinThis 

ffiSasT^f to a^ite period, or to soS^'defi! 

mte piiase ot the Me of the past. Where a 

aependent for his material on the facts, and, to some extent 

causp-’fli^ instance, inductive— from effect to 

influences ttie 

specialist who ^ taken into account. The 

specialist, who confines himseM to tracing out one bne of 
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deTelopment, for example, political, 
ecclesiastical history, abstracts from ^ 
that phase ia 'whieli he is interested. 
life of the past each phase is connected iSe3Sgs^laS;2^elj 
with eyery other, and unless this connexionlsTP^co^iised 
the causes assigned for any given development maj be 
inadeqnate. To ensure accuracy, either the specialist him- 
self, or another using the results of the work of specialists, 
must bring out this reciprocal influence between the sepa- 
rate phases of experience. 

History does not repeat itself: that conditions never 
recur exactly is what is meant in speaking of the unique- 
ness of historical facts and causes. Oonclusions valid in 
one set of circumstances cannot be applied in other circum- 
stances, which, though they may be analogous, will never 
be exactly tbe same ; still less can conclusions drawn from 
the past be used to predict the course of events or ideas in 
the future. In this respect history differs from the physical 
sciences. Yet the historian, no less than the natural 
scientist, generalises. His statements of fact are often 
generalisations, as in the passage :—** The long-continued 
war raised the taxes, checked the growth of manufactures, 
and drained the country of its best peasant blood, only to 
return to it a body of brigand soldiers ruined in morals 
and incapable of honest industry.'’ ^ Beliefs, customs, 
institutions, language, and other phenomena common to 
members of a community or group, may persist relatively 
unchanged, and the historian may seek to determine their 
general features during the period of their existence. Such 
generalisations are valid only within the field from which 
they are drawn. 

Although the complex of conditions which account for 
the concrete case which it is sought to explain is never 
exactly reproduced, and the historian may consider his 
task finished when he has determined what the conditions 
are, it is possible to raise other questions which can only 
be answered when this preliminary work has been done. 
To recur to the quotation given above, we may enquire 

^ Wakeman, The Ascendme^ of France, p. 168. 
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whether there are any general effects which war tends tA 
produce This wiU lead to a comparison of wars in different 
ages and in different countries, and to an endeaTou^ 1 
formulate ^mts in which they agree. As a matter of fact 
we_inow t^t there are general propositions about 
believed to be true and to bo supported bv the nvw 
of the past, although in themselves they lo not sufficrte 
explain the course or results of any particular war T?t 
means of the coinparative method the historian seis^o 
^scern the general conditions of historical development fn 
detect Its genei^ tendencies, and to reveal whatever pu^ 
poses may be immanent in the facts » 

.’’I”?® *» SS 

than to the ‘science’ of historv; thev athoa 

facts, and are continually verified by them, they pass ouf 
side the domam of history altogether ^ ^ 

‘Of. Wundt, Logik, 3 Aufl, , Bd. 3, p. 394. 


CHAPTEB XVn. 


FALIiACIES IHCIBENT TO HITHOB. 

I 1. Petitio Principii — Bj a princi'pi'um Aristotle 
means a trntk wliicli can be known of itself. Fetitio 
ffinci^ii is, therefore, committed when a proposition 
which requires proof is assumed without proof, fn other 
words, in this sense, the petitio principii is the undue 
assumption of axioms. How an axiom is a self-evident 
tnith, such as are the fundamental assumptions of mathe- 
matics and of logic. But it is very easy and very common 
to confuse both the desired and the familiar with the 
obviously true. So that what requires proof is assumed 
as not at all open to question, and from it all sorts of 
consequences are deduced and regarded as proTed. G^he 
Middle Ages, with their reverence for authority in matters 
of thought and knowledge as well as in those of faith and 
conduct, were prolific in such spurious axioms. That 
everything found in Aristotle’s works was true, and every- 
thing not found there false— M when Schemer’s monastic 
superior rejected his discovery of spots on the sun in the 
words : “ I have searched through Aristotle, and can 
find nothing of the kind mentioned: he assured, there- 
fore, that it is a deception of your senses or of your 
glasses ” ^ — ^was, perhaps, the assumption that did most to 
prevent men from seeking fresh knowledge. It was long 
regarded as axiomatic that the colours in the rainbow 
were arranged in a different order from ihat in which they 
actually appear — so far can pre-conception go in determin- 
ing what is actually perceived. Other assumptions were 
due to a kind of common-sense estimate of experience— as 

^ Be© Baden Powell, Hktor^ of Maturai Philosophy ^ p. 171. 
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that bodies fail with a rapidity proportioned to their 
weight; that some substances, such as flame, are positively 
light. Others were mere figures of speeoh~as that 
‘ nature abhors a vacuum.’ One of the greatest advances 
in human thought is the recognition that nothing is 
axiomatic which admits of verification. 

" In our own days the fallacy of assuming axioms is most 
frequently found in arguments relating to human afiairs. 
That all change is for the better is regarded by many 
earnest social and political reformers as axiomatic, and the 
nature of the assumption is hidden by the question-begging 
term ‘progress.’ This — which properly means nothing 
more than advance in some direction — ^is assumed to be 
advance in a desimhle direction. The common fallacy of 
party politics of assuming the party proposals to be neces- 
sarily wise and good, and those of the opposed party to be 
inevitably foolish and evil, and the related assumption that 
“the will of the people’* is expressed by the party cries, 
common though they be, are almost too foolish to merit 
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I work entitled Nut to Orach , Be Morgan says : “ Mr. Smitii's 

method of proving that every circle is 3| diameters is to 
assume that it is so, — 'if you dislike the term datum, then, 
by hypothesis, let 8 circumferences of a circle be exactly 
equal to 25 diameters,’- — and then to show that every other 
supposition is thereby made absurd. The right to this 
assumption is enforced in the tHut’ by the following 
analogy : I think you (!) will not dare (!) to dispute my 

light to this hypothesis, when I can prove by means of it 
that every other value of w will lead to the grossest absur- 
dities 5 unless, indeed, you are prepared to dispute the right 
of Euclid to adopt a false line hypothetically for the pur- 
pose of a reductio ad ahsurdum demonstration in pure 
geometry.’ Euclid assumes what he wants to disprove, 
and shows that his assumption leads to absurdity, and so 
upsets itself , Mr, Smith assumes what he wants to prove, 
and shows that fits assumption makes other propositions 
lead to absurdity. This is enough for all who can reason.” ^ 
Such direct assumption is, however, by no means unusual 
when synonyms are used. Put symbolically, it being ao-reed 
that S IS identical with A f and P with B, the fallaV is 
committed when the proposition A is B is assumed as a 
premise from which to prove 5 is A This is, in the 

I strictest sense, begging the question.” According to the 

dpeotness of the invalid process two sub-forms may be 
distinguished— the j^sterqn proieron and the circulm in 
demonstrando. 

In the Jiysieron proteron the conclusion and the premise 
are really the same. Here the fallacy is committed in a 
. single step of inference, as ‘ The volume of a body dimin- 

ishes when it is cooled, because the molecules then become 
closer.’ * Opium induces sleep because it has a soporific 
quality. It is obvious that the richer a language is in 
synonyms the more likely is a hysteron proteron to appear 
m arguments expressed in that language. Often a propo- 
sition expressed in abstract terms is given in proof of the 
same proposition expressed in concrete terms, as when we 
are told that the loadstone attracts iron because of its 


^ Bvdoet of Paradoxes, p. 327 . 
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^gnetic power, or that oxygen combines with hydrogen 
forTnf f ^ instance of this 

t J^^ry?|r theiS stenSS^^^^ 

the schools will be raised bj it/ ^ a*!! 

The fallacy m^ eren be committed in aiT,gU ^ords bv 

“T^estion-blggSp^f 

latires, that is, those which beg the question mWIo^rtr 
pretence^of stating it. “These/' sayfSrSa^?«2! 
potot when laudato^, but even more so when vituperl 

“osi' political catch-wOTds 

■the word iimovatioii haviiiP* «» ‘k^/i n * 

fttol™. wHoi is 

IS ^ways eoastnied to its disasivantsgo.’’ ' So as 

be supposed that it is difScult to faU into 
this f^oy unintentionaUy. or that only persms 

».ta of rfTgM tt" 

om takes either the 

■TO, thrque^mTs^ argument meant to be demonstra- 
oints out Pnr i-f > ^'^id this Aristotle distinctly 

sure nas its angles equal to two right angles. Ereiy tri- 
n«ory 0 / Thout/ht, p. 284. « a Soyal Logic, p. 249. 
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angle is a rectilinear tiree-sided figure, Tlierefore, every 
triangle lias its angles equal to two, right angles,’ there is 
no proof. The maj or premise assumes the ver j point to be 
proved, for the minor premise does nothing but tell us how 
such a figure is named. Of course, such a use of a defini- 
tion is permissible in popular explanations, though the form, 
may he the same as the above j for when no demonstration 
is offered, no begging of the question is possible. 

The ciTCulvs in demomtTando or redsoniTig in a circle is 
when the assumption of the conclusion as a premise is 
separated by a greater or less interval from its statement 
as a conclusion. It may be symbolically expressed thus — 
v|^yP,Sts#,A SuP,Mi8S,.\Mw P. Of this 

Wliately gives a good example: Some mechanicians 
attempt to prove, (what they ought to lay down as a pro- 
bable but doubtful hypothesis), that every particle of 
matter gravitates equally ; ‘ Why ? ’ ‘ Because those bodies 
which contain more particles ever gravitate more strongly, 
i.e, are heavier : * But (it may be urged) those which are 
heaviest are not always more bulky ’ ; ‘ ITo, but still they 
contain more particles, though more closely condensed 
* How do you know that ? ’ ‘ Because they are heavier 
‘ How does that prove it ? ’ * Because afi particles of matter 
gravitating equally, that mass which is specifically the 
heavier must needs have the more of them in the 
space.’ ” ^ 

The second mode of committing pTincipti is when 
a universal which involves the particular proposition to he 
proved is assumed. Here there is no formal syllogistic 
fallacy. The argument takes the form of a valid syllogism 
in Barham,^ But it is an offence against the principles of 
Method, as the proposition assumed is one wMch needs 
proof ^ quite as much as that which is inferred from 
This is the most accurate sense in which the term petitio 
principii is applied. A principium, as was said abow, was 
a self-evident truth j and the true> pctitio principii was the 
assumption of some proposition of inferior rank as 
a principle. Some such truths must be accepted as 


■202 
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magnetic power, or that oxygen combines with hyrlrr 
tecanse it has an affinity for it. A good instance of 
form of fallacy was unconsciously supplied by the 
of Parliament who argued that ‘ the bill I " " 

is well calculated to eleyate the character 
the country, for the general standard of 
the schools will be raised by it/ 

The fallacy may eyen be committed in 
the use of what Bentham terms t, 
latijes,” that is, those which beg the“question 
pretence of stating it. These/’ ^ “ 

potent when laudatory, but CTcn 
tiye ; as Eadicals, Eebels, and most l 
Th6_word ‘iteration* having acqu5e'a aTad 
admission, which is imaToidable, that a new meas^ i/Jf 
imovation IS ^ways construed to its disadvantage So as 

fom 

_ It must not be supposed that it is difficult to fall iTitr, 
this fallacy unintentionally, or that only Arsons of ™ 

^ *^^cuses AristS 

himseM of having committed it in the following argument 


‘ogen. 
.this. 

member 
)efore the. House 
^of education in 
instruction , in .all ■ 

^ ' single words, by 

question-begging appel- 
T’"""-'--! undeRhe 

says Dr. Davis, “are 
even more bo when vitupera- 
I— most political catch- words. 
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angle is a rectilinear three-sided figure, Therefore, every 
triangle has its angles equal to two. right angles,’ there is 
no proof. The major premise assumes the very point to be 
proved, for the minor premise does nothing but teU us how 
such a figure is named. Of course, such a use of a defini- 
tion is permissible in popular explanations, though the form 
may be the same as the above ; for when no demonstration 
is offered, no begging of the question is possible. 

The dr culm in d^omtrando or reasoning in a circle is 
when the assumption of the conclusion as a premise is 
separated by a greater or less interval from its statement 
as a conclusion. It may be symbolically expressed thus — • 
^ S is P \ S is P, M is Sf /. M is P, Of this 

Whately gives a good example ; ** Some mechanicians 
attempt to prove, (what they ought to lay down as a pro- 
bable but doubtful hypothesis), that every particle of 
matter gravitates equally ; * Why ? ’ ‘ Because those bodies 
which contain more particles ever gravitate more strongly, 
ie, are heavier ; * But (it may he m’ged) those which are 
heaviest are not always more bulky ’ ; ‘ No, but still they 
contain more particles, though more closely condensed’ * 

‘ How do you know that ? ’ * Because they are heavier ’ - 
‘ How does that prove it P ’ ‘ Because ah particles of matter 
gravitating equally, that mass which is specifically the 
heavier must needs have the more of them in the same 
space.’ ” ^ 

The second mode of committing peKiio principii is wlieii 
a universal wHch involves the particular proposition to be 
proved is assumed. Here there is no formal syllogistic 
fallacy. The argument takes the form of a valid syllogism 
in Barlam? But it is an offence against the principles of 
Method, as the proposition assumed is one which needs 
proof quite as much as that which is inferred from it. 
This is the most accurate sense in which the term petitio 
prineipii is applied. A prineipivm, as was said aboTO, was 
a self-evident truth ; and the tmd jpctitio priTici^i was the 
assumption of some proposition of inferior rank as such 
a principle. Some such truths must he accepted as not 


^ LogiCf p. 225. 
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requHing proof, or aU proof would be iH.r,Aa=-HT 
would be DO sorting point for the proceS^ T W u 
fom IS, then, not committed wLiieTer a 
assumed without proof, but when t 1 ,a^^ Proposition is 
assumed is one which needs just the 

bearing on just the same point as thfl nrT 

to be deduced from it. “ Sound nvnl-. , .P^°P°®^tion which is 

“must depart from such 

diatelj given as ultimate, or medntelv*^<ffl^^'^ either imme- 
other sources than the propoSSS?'* 

As examples of this form of thSXcJwf “ ‘ipestion.”' 

cowardice may be inferred = ‘His 

men are cowards’; 'A table of loolVfT^^^*^’ 
tammg, for aH bookstre so ’ A “ter- 

m the First Chapter of MV * is found 

stating that “ acquirement of eTCir^Mnd^^^'T^^'*’”' 

Talue as Inowledge and value as AV w • 'values— 

goes on to discuss the vaC of . Spencer 

P.omt of view of knowdige sf Iw tie 

ciphnary value of studies !r,> aa to the dis- 

^th the followiS^ £r,n? ^ ^®<H>isition 

for 4e ole end 

found what is best forthe othe; \ ^Pie^tion 

that the acquirement of those cla«I!^^ ’^’■”^6 sure 

most useful for reeulaW ^ f ^irch are 

exercise best fitted ^for strenltbB'^^*’ *^^°tves a mental 
would be utterly contrarv tn^fH faculties. It 

Nature, if one kind of cidtuvA ioaufaful economy of 
mg of information and a T tio gain- 

mmW gj^astic.” ''^®re needed as a 

itil^iSe ^U^sm S ^ ^ ^hen 

The other modesof I!/? fiftncipU.^ 

portance. The third mod7° ^ot of much im- 

prove the universal Sh bTl^ assuming the particular to 
a ^rs£gatipnfromgii|pleJ|i^^V^® of the nature of 
seif seems to K'iidlS^S^ “ Aristotle him- 

slaveiyis ip accord^J n^tSl 

rai law, on the ground that 
^ ■■■■••■ ■ . 


‘ Op. cii., p, 288. 
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tlie neiglifcouring barbarians, being inferior/in Inlellect, are 
•tbe bom. bondsmen of tbe Greeks.”^' ■ ■ ll ( 

Tbe fonrtli mode ls onlj a variety of tbe vTlnis, to, 
take Aristotle’s example, when, in trying to M^Aat-ibo 
healing art^ is knowledge of what , is wboleso^e^a^ 
wholesome, it is successively assumed to be 
of each. . 

The fifth mode is when a proposition wMch is in reci- 
procal relation to another proposition is assumed as a 
means of proving the latter. Aristotle’s example is tbe 
assumption that the side of a square is incommensurable 
with the diagonal when the proposition to be proved is 
that the diagonal is incommensurable with the side. Other 
examples are : London is north of Brighton, therefore, 
Brighton is south of London ; Philip was the father of 
Alexander, therefore, Alexander was the son of Philip; 

* Everywhere the light of life and truth was lacking, for 
darkness covered the earth, and gross darkness the people.’ 
In all these cases we have obviously no passage of thought; 
it is the same Judgment which is expressed in different 
words ; nor does the new expression unfold any meaning 
which was previously implicit. 



1 1 2. Ignoratio KlencM. — By an elmchm—Le, a refuta- 
mion— Aristotle meant a syllogism with a conclusion con- 
iftradictory of the thesis to be refuted Tbe ignorcdb 
elenclii'WBB then applicable only to disputation, and con- 
sisted in argmng beside the mark, in answering to the 
wrong point, in establishing a proposition which did not 
overthrow the original thesis. But the scope of the fallacy 
may well he extended— as it usually is by modern logicians 
— ^to include all cases in which insimd of the required con- 
clusion, a proposition which may be mistaken for it is 
established. This might appropriately be called ignoratio 
or midaiio condmwnw. In every case the error consists in I 
proving the wrong point. It is thus a violation of the 
most general rule of method— to be clear as to the pur- 
pose. As an example of ignoratio el&mlhi we may take 


^ Davis, op, cit.f p, 289, See Aristotle, FoiUicSt i. 2. 
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tlie common argument against a classical education that 
'‘thronghont Ms after career, a boy, in nine cases out of 
ten, applies Ms Latin and Greek to no practical pur- 
poses/’^ TMs is to ignore tbe fact that the advocates of 
a classical education do not claim that Latin and Greek 
are of direct nse in practical life. Wliat they do urge is 
that the study of the classics furnishes an unrivalled 
mental training ; and it is to tbe disproof of this proposi- 
tion that a true elencJms must be addressed. 

1:^0 fallacy is more common or more easily committed 
than ignoratio. Anyone who has bad experience of dis- 
putations and debates knows bow constantly recurrent is 
tbe tendency to wander from tbe real point at issue, espe- 
cially when tbe subject under discussion is a wide one, and 
how necessary it is for a speaker occasionally to begin Ms 
remarks by reminding tbe disputants wbat tbe question 
under discussion really is. TMs tendency must be guarded 
against especially when any practically important results 
flow from tbe conclusion reached. Thus, as Be Morgan 
tells us : “ Tbe jpleadiTigs in our courts of law, previous to 
trial, are intended to produce, out of the varieties of 
statement made by parties, tbe real points at issue, so that 
tbe defence may not be ignoratio dmch% nor tbe case tbe 
counter fallacy . ♦ . ignoratio eonclusionis. If a man were 
to sue another for debt, for goods sold and debvered, and 
if tbe defendant were to reply that be bad paid for tbe 
goods furnished, and plaintiff were to rejoin that be could 
find no record of that payment in bis books, tbe fallacy 
would be palpably committed. Tbe rejoinder, supposed 
true, shows that either defendant has not paid, or plaintiff 
keeps negligent accounts ; and is a dilemma, one born of 
wMcb only contradicts tbe defence. It is plaintiff’s busi- 
ness to prove tbe sale from wbat is in bis books, not tbe 
absence of payment from wbat is not, and it is then de- 
fendant’s business to prove tbe payment by bis vouchers,”^ 

TMs leads on to that form of the fallacy which consists 
in throwing tbe burden of proof on tbe wrong side. Proof 
of an assertion should generally be given by tbe person 


^ Spenoer, Education, Gh. I. 
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who makes tliat assertion, and to endeayour to transfer to 
an opponpt the task of proving the negative of that 
asse^on is m igmraiio elenchi. It is often said that it 
IS difficult, if not impossible, to prove a negative. And 
tto is trae so long as the negative is a bare denial. But 
the establishment of every positive proposition proves a 
number of negatives. If, then, the number of possible 
alternatives are few, the proof of any one of thW ne- 
g^s all the others. This principle is adopted in law 
“ I or instance, a homicide, as such, is considered by the 
law as a murderer unless, failing justification, he can prove 
he had no malice. ... The case stands thus .—the alter- 
natives are few, so that proving the negative of one, which 
tto accused is caUed on to do, can be done by proving the 
afiii^tive one out of a small number. There is but 
mahce,_heat of blood, misadventure, insanity, etc., to which 
tte Mtion can be referred. Of these few things it is easier 
tor the accused to establish some one out of several, above 
all when motive is in question (of which only himself can 
be in possession of the most perfect knowledge), than it is 
for the prosecutor to establish a particular one. 
principle on which he is caUed on to estabhsh a negative 
(or rather another positive) is that the burden of proof 
tairly hes on the one to whom it wiU be by much the 

One form of the fallacy is to confuse objections against 
the thesis proposed with its disproof. Especially is this 
likely to be committed when the question at issue is some 
proposed change, say in the law. Against most reforms 
some objections c^ be urged, but to treat these as neces- 
sarily fatal is m tgnoratio elenchi ; the point to be estab- 
lisned IS tlmt those objections outweigh the reasons for the 
proposed change and simply to point out their existence is 
entiiely beside the mark. One common specimen of this 
form ot the fallacy is to object te a certain conclusion as 
tending to estohsh a position deemed undesirable. Here 
we have what De Morgan calls “ the great fallacy of all, the 
determination to have a particular conclusion, and to find 

' Be Morgan, ibid., p. 261. 
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arguments for coming into play. Tlie conclusion being 
fore-ordained, all arguments wlxicli make against it are 
refused a bearing. 

Another form of the fallacy is to prove, or disprove, part 
of what is required, and to dwell on that to the exclusion 
of the remainder. Thus, if one disputant supports a con- 
clusion by weak arguments, his opponent may confine 
himself to showing the weakness of his arguments, and 
leave his readers or hearers to infer that, consequently, the 
conclusion drawn from those arguments is false. The 
handle thus given to the enemy should he a warning 
against the practice of ui’ging bad arguments in support 
of a good cause. 

A more extreme case of the same mode of committing 
the fallacy is the taking exception to a mere illustration or 
part of an illustration, which has no essential connexion 
with the point in dispute. The very use of illustration at 
all is liable to be an ignoratio elencTiL For an illustration 
is intended to make some point of difficulty clearer and 
easier of comprehension to the hearer or reader. But the 
user of the illustration may mistake the point which will 
need elucidation, and may illustrate the wrong point. And 
there may equally be an ignoratio on tbe part of the pupil. 
As De Morgan says : ** The greatest difficulty in the way 
of learners is not knowing exactly in what their difficulty 
consists ; and they are apt to think that when something is 
made clear, it must be the something.' And he rightly 
goes on to point out the danger incident to the use of con- 
crete examples in the study of the rules of formal infer- 
ence. ‘'If the student receives help from an example 
stated both iu matter and form, the odds are that the 
help is derived from the plainness of the matter, and 
from his conviction of the matter of the, conclusion. . . . 
The right perception may, no doubt, be acquired by 
reflection on instances; but the minds which are best 
satisfied by material instances are also those which ^ve 
themselves no further trouble.”^ The use of illustrations 
is also liable to the fallacy in another way — the person 

^ Ibid., p. 264. 2 Ibid., p. 266. ^ pp. 266-26^ 
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analogy ofThe^mattel^^^ ad<iresse(i may not see the 
abuse the pSffs > T ‘Fo case; 

reliiS cSSS'!- ■? Aiio. »a 

Prejudice and even bad faifTi ^ ®^toely m cold blood, 
to attribute au Sds of W one party 

poser IS a radical i a low^ order; the pro- 

radical would piS’a^lSt TeW '' f ^ 

is a tory, and tlie recover i«* proposer 
have picked a pocket ”* "Ri# it ^o^ef that a tory must 
abuse ..k not Mgument j ®’“®™bered ths,t 

ill conduct agaiffiKoposm of 
the maintainers of a certain wnr.r,«-f^ certain measure or 

“cCd Propoltimi mtral prove the 

of argument. AU recriminatior all ^'^Of^’^—style 
tency, are of this character, 
m .hspute is personal character or coSSw 
a* statesman brinpjs forward a (^rfsiin ^wiieii 

objeetioatoUiatiLiOTretopomnSfliSwf* f.f ” 
opjo„dit. V«7<.(f»,infflr4w?S,pi.‘S'S 

rie^^to bTSSlf or pSSTit ’'b r 

man down when be ^ .. knock a 

your strength, but hardly your lo?^“ 

* De Morgan, .Wei p. 263. » 265. 

Deductive Logic, p. 3I3, ^ 
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Aiiotlier form of ignoraiio is the corgumentum ad vo'dv 
lum, or appeal to popular passion or preiudice. The 
following ‘argument ’ against a literary education appears 
to us to be a striking instance: “ When a mother i. 
mourmngover a fii-st-born that has sunk under the sequelm 
of scarlet-fever-when perhaps a candid medical ma£ hat 
confirmed her suspicion that her child would have re 
covered had not its system been enfeebled by over-studv-- 
wlmn she is prostrate under the pangs of combined erief 
^d remorse ; it is but small consolation that she can f ead 
Dante m the or iginal ”i ” 

Closely allied to this is the argumentwm ad ignorantiam 
trustmg that the ignorance of the hearer 
will lead to the acceptance as proved of statements which 
proved. And this is frequently alhed 
mm me argumentum ad verecundiam or appeal to a w 
spected authority. ‘You should accept thisSusion m 
^voca,te this measure, because so-and-so supports it ’ is an 
i^mho deneht not infrequently heard in political life 
This also mvolves a fallacy of illicit generalisation.® Undue 
authority lading to a neglect to examine the 
of and ^amst a given proposition is not a state 

of mmd favourable to the detection of faUacy. 

_ 3. ITou sequitur or Won propter hoc. — This fallaev 
|is committed whenever the conclusion is not a necessar^ 
iconsequence of the premises. Both the premises and the 
on^firf ^ granted, and yet the derivation of the 
ano ^ the other denied. Or the premises may be 
<»uolusion ostensibly drawn from them 
? “T® wshes to refute a proposition by showing 
that It leads to absurd results, and one includes it as^ 

conclusion drawn 

doTr,!!tTiT°“+f 1**^? absurd or impossible it 

^es not follow that the absurdity or impossibility is due 

P’^erse. If it be argued 4at the 
morease ot schools has been evil, and for proof it be 
pomted out that official returns show a continuous increase 


* See pp. 494-408. 
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?f+ aa obvious nm-sequitur. For it may be 

retorted that there are many antecedent conditions besides 
the merease of schooling, and that increase of crime may 
with more probability be traced to them: or that the 
increase IS only apparent and is really proof of better 

v^tbn^^*^”^ frequent 

In the first case distinguished there is not a true syllo- 
psm but really four terms, for were the syllogism a good 

^Lted if premised be 
Mcepted. _ Jhis is the position of Aristotle. In the Ana- 

irrew£pr“f « <^6 of the 

irrelevance of the thesis to the conclusion is when the 

dusl'>-r*T??r'^ byany middle term with the com 
elusion. _ It thus appears that this faUaey involves at 
any rate in some instances, the formal syll4istic fallacy 
of four terms. But when it is considered fenerally Its 
essential connexion with proof by reductio ad impo^ibUe 
classes it more appropriately as a fallacy incident to method, 
a /ho ®ooon'i case the presence of the faUacy may be 
detected by trying whether the premise in question can be 
omitted without interrupting the sequence of the argument 
But It must be remembered that the superfluous memise 
may have Iwn tacitly assumed, as in the ^mple .^istotle 
gives : We assume that the opposite of destruction is 

opposite of a particular destruc- 
tion is a particular generation; but death is a particular 
destraction Md Its opposite is Ufe; therefore is ^ 
ration, and to hve is to be generated. This is absurd 

Therefore 1^ and soul are not identical” Here the premise 

assumed is that ‘ Life and soul are identical.’ The premise 

Tncl to it alo£ the conclusion is reaUy due to it 

A common example of a non-sequitur is when an opponent 
of some suggested reform objects that “it may be Mod in 

SSvet tL “7® gmnttheconllusion 

as true yet the badness m practice does not follow from tlia 


* H. 19. 




CHAPTER XVni. 


QBNERAL NATOEH OS' STtiOOISM. 

1. fiofinition of SyUogism. 

A S^ogism is an inference in wWcli 
propositions, wMoh contain a oommon el 
of wM c h is universal , a newi 
^emred.lfei, is not merely the snin^ 
nrst, and whose truth follows from theirs ■ 
sary co3ase<3[iie2ice. ' 

Syllogism may be considered as r 


gxsMc mierence i s_one indirisflile nf 

■SrsSrS'cTfe 1 

thos e from which it is ^ 

Bity with which the inferr^ fropoLL folS 

a./r„st 

conclusion. SvlIom«f.,v j. n^sitating a certain 





MEM 
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md can, consequOTtly, be entirely represented by symbola 
W^e are concerned in a svUoOTam n^f ^-+1, j.i.1 
a a? ot ei ther of 

^PQ_Q3M'Q£5er tTO. so tlia.t71? ^ lyraTifL lilTn^^ — 

^|^gtZ..J£og£t ti ie former., 

perefore, propBunds no truth Vbicb waa nnf ^ 

k. to B& thi, i, no obiSTnirtESl"* 

STto'ifs/ p“ 

nest cWt® that it is— by tbe Laws of Thouglit^'^ at the 
|i,^^^^g ^ieotisely ttno . tbf 

[ data are objeetiTely fa lse, it 
the deriTed proTOSition ia fn 
mere coincidence: ifa 
aad. is not eafabliahoii v.-^ * 
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syllogism, and the two propositions from w|®]iit is derive^' 

are tlie. JPremiseB , ■ \ \^^ \ ■ /■ ' 

>3*6: appHcabte when the sy^^&a'is 

m the ordmary and strictly logical form^^jfi5cll»S: 
premises precede the conclusion — ^as when wes&^^j^5v^^ 
thing which tends to reduce the supply of any article tends 
^ Duties tend to reduce the supply 

i-r: on which they are imposed; therefore, 

to raise the price of those articles 
P ut, when the conclnaioTi ig| 
,0 be proved, itlyas' caTfSTT^ 
^sfwri, and the propositi ons %ETch| 
a^e. ^n introduced hv ‘because, 7 
liunction. weiejtermeJ tEejSeaioaj 


thing which tends to reduce the 

of those articles 

Protective Duties tend to i 
on which they are imposed.' 
pu ^forward fir st, as a thesis to 
t he old lo^i(S afrsrttm-i 

ostiaMshitZiMliSui 

lu thramraehyl^m given above 

^ 1 tiiose articles ori 
which they are im posed, because they tend to reduce the sup] 
rty of those Mticles ; and everything which tends to reduce 
Jie supply of an article tends to raise its pri?e.’ S3 
latter terms are, however, but little used by modem writers* 
cornmon to the two premises is called the 

conveniently symbolised bv /U' 
^J ^heotber two terns are sty 1»^ 

f the esfem^-tErra^e pi- 

dicate of the conclusion is called the Mmor Term, and' 

s'^I^JfoIX ^5 that which ts ^e 

subject of the conclusion is named the Minor Term and is 
appropriately r™ented by fi, The prg5dsrm*^5^ch the 
major and imddle terms occur is known as tke Maior 
Premise; that m which the minor and middle terms are 
four^d IS called the Minor Premise. The order in whioT. 

r course, of no~con';SpiS^:^s-:;;r^ 

,^mo ^|[mtems of a syllogis m ^ ' 8v.a!afl~Maaca:_i» j 

uuki 


ia-soafitosm 
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are also nniyersaJ affir ma.tiTOg 
sjmooiisecL by ^ : 

Map 

SaM 


Here, as the extent of the predicate of an affirmative 
position must be, at least, as great as ^ 

greater than, that of the subject, it is plain that Pm^ 
at least as mde as, and is pr^hty 
and similarly mth M and 5. Hence the eXnfef 
most cases, mtermediate between that of S and that c 
and, in other eases, is coincident with that of one at h 
of those terns, ^ak-rela tion of evw 
aU syllogisms and is not essentta.] 

-to fJha 




mveni 


IS quite ai 
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I ^ ii’if 

"vethEs get 

n n f (^) ^Categorical. 

1. Pure - - (J) Hjpottetical. 
Syllogisms -— I W disjunctive. 

9 Tvr- A Hypothetical. 

12. Mixed- -] (5) Disjunctive. 

IC^) Dilemmas. 

Tlie distinction between Puro ‘FrTm/%fK^+- i 
Disjunctive Syllogisms on the one^^nd aaT 
Syllogisms on the other is nnf a-P == and Categorical 

the distinction between hypothetical ^dfshii^^K 

gorical propositions • for in oil a ’ and cate- 

.,iio8i,id5p»“.k'£ ™s“ “a“‘;urv' 

appUed to pie^SeticS?nf be 

gisms. We^shall C She illf™ syllo- 

Mked Syllogisms., foUowmg chapter, discuss 

,; j.i i ; ■ . ; 


‘ ; ‘■ ■M’ ? i :. ■ 


■ ; ".' 1 ; : j ‘ i 

: '-iCI 


I? ; iT/j ■ ' » ‘ : .. .;• 








jLne mctnm de omni et xii&Ilo, 
simple statemei 
■Lft^gnt, losjcjaaTEaTe bee n acousS^ 
ago ms— vhich aje^pre or less e ypalT 
qgS? — gg the bases of 
g^p a propositio pH. ~ ^ ® — — — 

^e mst iniportant of these is the 

^ I g- fee sufe ig ^f the maiwp ;^ 
of the minor pra^j—thatlsTm^Toog 


forms of ^Ilogism can be reduced to this V.-, 

aS 

Sd 4::^!“ "■ ““‘“■ 



S ETJLSS OF SYLLOOISM. 

TMs axiom is simply an expanded 
iriinciples of Identity and Contradiction 
anytlnng of a term used distributiveh 
same predication of eacb of tbe constitue 
tion of that, term. 

3. General Buies 
iogisms. 

_ <i) Berivatioa of Bniles 
Dictum de omni et millo, Uo 
applicable to syllogisms in whose 
term is the subject of the 
minor, premise. To all 
mdiiBctly through this form. 

be takeii“ 

and, cons ^ ^ 

’must be deducible from it. 
wili give these in a i 
direct reference to one 1. 
slight generalisations they 
to ail forms of syllogism. Such 
tyt — , , 

^1. The Dictum speaks of three, i 
piere is the ‘ Whatever is predicated —which is fh^ 
term; the ‘class* of which it is predicated— fliA yt, 
term ; and the ‘ anything asserted to belong* in 

ondusion. Hence, tie mle^to i sornetii^— tie 

fif^ree, and only ttree, 

“ l«n.. "Hch i, di»U, 


or Canons of Categorical Syl- 

from the 'Bictum/— The 
as has been said, is directly^ 
premises the middle^ 
magor, and the predicate of th^ 
iwm of syllogism it applies 
^ Ihe Dictum may, therefore, 
axiom of all syllogistic inference ; 
which govern such inferences 
An exammation of the Dictum 
wrresponding to its own 
one form only of syllogism; but by 
” can be made directly appicable 
’""'•i an examination shows 

and of only tiree, terms. 

j major 
middle 
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as tlie subject of the major premise. Thus fha n- f - 
teUs us that in this form of syllogism 
must be distributed in the major premise 

this predication is made by means nf bence, if 

ia 4 pwiicte of a. 

•jmilarlj. imdirtributed firm in a„’plSS^o?^! 

»“ - -liSS 

t S’ifrr rr-- ■» «■» 

affirmative, for it must declare 
included in the ‘chss’ riT^t}~ JT^!^^^ 
when generalised, girL the *®™)- 

premises must he a^mative. 

as it directly applies to ^bplnfr^ ^sem such a syllogism 

tive, and 4fi afcmative or nega- 

muBt be made ‘in like man^S^^^A^” “ *1? conclusion 
minor premise in such a svllnmaw to 5, the 

follows that when both always affirmative, it 

negative, then, and only then fh^ n i .Premise is 
as weE , By geneSoTwf ® “ i« negative , 

rfffotive prLie 7® *^® a f 

there camot he a neaatime enmr.i conclusion, and 

premise. ^ conclusion without a negative : 


i I ' * ^ •' ! ‘ ^ V i * 

£ Liii'i'i f t i 


■* V i ■> \ < 
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(ii> Exam^atioa of tlie Rules of tie SyUogism.— 

^ e._tliu8 get tie traditional six general rales, or canons, 

erarv forra'^^or' appHcable to 

every iorm of syilogiem, and no syUogism is a valid 

mference m wLici any one of tiese rales w violated An 

of t-heTD s ^ws that the first two relate in tli; 

tu Chn;;.. second two to anantitv-^r di H- 

tneretore, be summariseJ^us • ^ ^ 



.t-L > 
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to occur ia tie case of the middle term, and hence 
Eule in is frequently stated wi th the add itioTia.l ^ords 
‘ a nd must not be ambiguous .’ ButSSTi-unSeceslar? 
for Eule x provides aghlMtthat error, and also against 
a similar fault in connexion with either the major or the 
minor term, which, if not so common, is equally fatal, when 
it does occur, to the Talidity of the mference. 

A good example of an ambiguous middle is given hv 
De Morgan' — a 

“ All criminal actions ought to he punished hy law : 

“ Prosecutions for theft are criminal action s ; 

“ Prosecutions for theft ought to he punished by law. 

^ Here the middle term is doubly ambiguous, both 
erimtnal and action having different senses in the two 
presses.’’ _ If the middle term is not exactly the same in 
both preimses it is evident there is no connecting link 
between the major and minor terms. There mtffit be a 
common element, and this must be identical in the two 
prem. Mere resemblance, however close, is notenough ■ 
for then S and P might resemble M in different ways, and 
so no connexion be estabhshed between thAm , 

\ Again, if S oi P is used in a different sense in the con- 
musion from that which it bears in the premise in which 
It occ^, the inference is invalid; for the premises justify 
• predication of that same P which was connected 

S which was 

related m the mmor premise to the same M. 

^ Eule 11 but little need be said. If there are three 
^ ™ proposition, and 

must^ propositions, it is emdent there 

P'^opositions. The very 
5 ^. 1 ^ % syllogism secures this rule directly, and 

eSS ’ li ^ common term 

and only three terms, and the 

me two promises. w 

* JPormai Logic, pp. 241-242. 


. 11 ! 



lllw~ jj3.e yjQlation of this rale, m 

Middle . It is essential tLat 
the middle term sliouM be distributed in one, at least, of 
sJie premises, as only tlius can there be any assurance that 
there exists that element of identity which is necessary to 
constitute a bond of connexion between the extremes, 
uiiless it is certain that the extremes are related to one 
and the same part of the middle term, there can be no 
inference as to the i^elation in which those extremes stand 
to each otlier,^ How, if only an indefinite reference is 
made to the middle term in each premise, either the same 
or an entirely different, part of its extent may be, in fact' 
mvoiyed in each case. For example, because All Endish- 
men are Europeans, and AU Frenchmen are Europeans, it 
does not follow that AH (or any) Frenchmen are English, 
men. In fact, every possible relation between 5 and P is 
consistent with the two propositions AU P is M and All S 
is My wiiere M is an undistributed middle term. This is 
seen at a glance by a reference to Euler’s diagrams, whicli 
give all the possible objective relations of two classes 
Jiach of those five figures maybe entirely enclosed in a 
larger circle representing My and in each case P a M and 
baM wiU hold true. Thus, it is evident that from two 
such propositions no inference whatever can be drawn as 
to the relation of S and P. Similar ambiguity will be 
found to follow from every other ease in which, in a pair of 
propositions, M is not once distributed. 

As, then, we have no security when M is undistributed 
that there is any bond of connexion between 5 and P we 
can diw no inference concerning the relation of those two 
terms. For formal inference can depend only upon that 
iT? mminmin of assertion which the premises ' must be " 
held to make unconditionally ; and,d.herefore, as it is for- 
mally possible that the same^part- of M is not referred to 
ill both promises, we must not assume that it is so referred 
to m any parfcicukr case. Only, "then, by securing the 
whole of the middle term in one premise can we be for- 
mally certain that there is an identical element in botli 


RULES OF SYLLOGISM, 
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premises. And, though the middle term may be dis- 
tributed in both premises, yet a single distribution is 
sufficient to secure this. For, if the whole extent of M is 
^ related to one of the extremes, no matter what part of M is 
related to the other extreme, it must be identical with 
some at least of the M referred to in the former case. 

Of course it is the identical part of M which is the ground 
of the inference. The rule of distribution is only a formal 
safeguard that such a common bond of reference is 
present. 

Buie IV.— The Yiolation oL tMs rule is .^called Illieif. 
Proces s. If the minor term is distributed in the conclu- 
sion and not in the minor premise, we have the Fallacy oj 
Illicit Process of the Minor Term ; if the same unwarranted 
treatment is accorded to the major term, it gives rise to 
the Fallacy of Illicit Process of the Major Term. ^ 
conclusion must f ollow necessarily from the premises^ we 

I l ^hnite y to Some 

jS^ Fbr, if merely an indefinite part of S is stated to be 
related to My that statement can give us no right to trace, 
through rff, a connexion between P and all S. Because all 
criminals are deserving of punishment, and some English- 
men are criminals, it does not follow that all Englishmen 
are deserving of punishment. \ The conclusion must be no 
more,,defijiitf^ than, the premiser^ rrant . the same 

holds of the major term. We are justified in relating the 
: whole of P to S only when the whole of P has been 
' "previously related to ^ in the major premise. 

It will be noticed that we can only use P universally in 
. the conclusion when tha,t conclusion is negative, for P is 
j always^ its predicate, and the predicate of an affirmative 
propositioi?. is always undistributed. In this case, there- 
fore, one of the premises must he negative (Eule YI). If 
{ that premise be^ the minor, then P must be the subject of 
premise, which must be an A proposition ; but 
I jif the negative premise he the major, P may always be its 
.predicate, though it can be its subject only when it is 
. I umversal. In every other case, if P is distributed in the 
conclusion, vre have Illicit Process of the Maior. For 
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Sion IS lustified in wIl^/.■^ * • ,. J-^s, no oonolu- 

UDdistriluted in the nretuTL*^™ i®- which is 

violation of this rule maTh« Z 
conversion of an A nronn^f with the simple 

already shown to be fllic^t) ^ been 

(fe^rawn ; ”9 *^OQdusiCT.£aii 

^itn rf xekthm m : ,. no state-. 


'^-ieclaffid.lalha^ana™^ M 

premises. Com^ fet '® contained in the 

propositions: ‘No 'cowb are cSvoreua^w 1 

carnivorous’; ‘No men ono No sheep are 

immortal.’ In the first case No negroes are 

wholly exclud^ S>nianrfn i ““^*®‘^^ '®> “ 

eluded in, the major terj- but Aeitw'tl,^®®’ 
the .aM^io. 

^ Se© pp. |4^,I4Q^' ; .. . , -■ 
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simply separate both the classes represented by the maior 
and minor terms from the common attribute expressed by 
the middle term ; and premises identical in form must 
if they give auy conclusion, always give one of the same 
form. 

^ That from two negative premises no conclusion can be 
derived has been questioned. For example Jevons wrote • 
“The old rule informed us that from two negative 
premises_ no conclusion could be drawn, but it is a fact that 
the_ rule in this bare form does not hold universally true • 
any precise explanation has been 
is or is not imjpera- ■ 


and I am not aware tliat i 
given of tlie conditions nndm* wHolr it 
ti ve. Consider the following example-- 

Whatever is not metallw is not capaUe of powerful 

magnetic influence ; ' 

" Garhon is not metallic ; 

Carton is mi capable of ^powerful magnetic influence. 

• “ Here we have two distinctly negative premises, and yet 

they yield a perfectly valid negative conclusion. The 
syllogistic, rule is actually falsified in its bare and general 

statement.’!^' 

Expressed symbolically this argument is 

No non-M is P 
S is not M 
/. S is not P ; 

where we have, apparently, four teims, 5, P, M, and non-M 
^ut, It we ernmine the argument more closely, we shall see 
that what the mmor premise really asserts is that S is 
mcluded in those things of which P is denied, i.e. the 
non-M 8 Hence, the middle term is really non-M, and it 
IS this whi^ is predicated affirmatively of S in the minor 
; premia. Jv^e rednM the above argument, therefore, to a 
I syllogism by obverfing the minor premise, when we get 

' ^ . ’ ' . - . MeP 

^ SaM 
■ ’ ■ ‘ : fSeP 

' PHiuAjfles qf Science, 2nd Ed., p. 63. 
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which is perfectly jaHd and in which Eule Vis observed 
as the minor premise is affirmative. oosened, 

rent i^e- 

Jonei is not over six feet tall; 

-Jones is not under six feet tall; 

••• -Jones is six feet tall 

“• “pM 

feet tail The two or under six 

J£‘rs;:"xs%r 

hv^ufe^‘bfi^!ffi“® is n^ative, the other must 

extremes am’ 

toWis affree with e^h tf? 

in the ,s.;ne region to any C ’ 

tioiis of 5 and P resnectiveW f.? « ^ela- 

contradictory, relations 5 and P the same, but 

other. We- reach the s’ame rfsffitTa 

waj by considenn£? thaf ir, sagntlj different 

M. it m.rt be T? »*“ 

separated. If, then ^ is 

one extreme with M anf the^otW^^^®*^® 
incompatibility wiA of the the 

must %e inferred t? £ 

He^e a negaSplfe > 

And the converse of this is slsn imt mh 

in part, frliT^ krff flf i separated, wholly or 
would agree with each’ other7 Theref^^a 

£S^iSsS»J£-s: 
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they are sufficient. There are, however, three corollaries 
from these rules which, though not absolutely requisite for 
the detection of syllogistic fallacy, are useful for that 
purpose. _ It was long customary to give the first two of 
these as independent rules of syllogism. They are— 

1 /1 . From two particular premises nothing can he inferred. 

If one premise is particular the conclusion must he 
jpariicular. 

vd. From a particular major and a negativeminor nothina 
canbeinferred» ^ 

We will now show in detail how each of these can be 
.deduced from the rules already given. 

y Got. 1. This may be established by an examination of 
each of the possible combinations of particular premises— 
In every valid syllogism the premises must contain one 
distributed term more than the conclusion. For if any 
tem is distributed in the conclusion it must also be dis- 
tributed in the premise in which it occurs, and, in addition 
to ttes, the middle term must be distributed once, at least 
in the premises. From this it follows that no conclusion 
can be drawn from two particular premises. For, if they 
are both O propositions, by Eule V nothing can be in- 
terred. If they are both I they contain no distributed 
tem at ah and, thus, break Eule IH. If one is 1 and the 
OTber IS O then the conclusion must be negative (Eule 
VI), and, cimsMuently, it distributes the maior term, 
tint I and O distribute only one tem between them, 
.and, therefore, camot distribute both the major and the 
mddle terns. _ Hence, nothing can be inferred, for to 

^ 

premises are affirmative and one particular, they 
them, ^tribute only one tem, which must 

terS ,™ the extreme 

distnbxited m the premisses, and, consequently, 
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Hiust be undistributed in the conclusion (Eule lY)— that 
‘ > ® conclusion must be jparitetelar affirmative. 

it distribmeJ’ ;f« one premise is negative, 

n aistiibutes its predicate, and the premises, therefore 

o£*rf ftaZ; ‘Jt.';''''’ 

uiie ot these must be the middle term (Buie III> 

ivf ° Butthfi conclusion (Eule 

it fi , V ^ tne conclusion must be negative (Eule VI) and 

So Ls1!’cTn 

(Eu “ iy)’^ distributed term in the premises 

ttn 4-1 ** The minor term is, therefore, undistributed 

ma?or‘am/'^/«! nothing can be inferred from a particular 
^rblfK mmor may thus be proved— 

mative pirtteuhr negative the major is affir- 

mauve paiticular (p, and distributes neither of its terms 

4. Application of the Bales to . 4 .- , 

»ai Pare Bisjaactive Syllogisms. ypothetical 

.rinir— 

liowever, propositions— t.liA — a nere are. 



282 ■ .l>6STULA;a?®S- OF BEDtrCTlIrE ijJferekcb. [oh. 19 

corresponding to tte major term of a categorical syllogism 
tlie antecedent of. tlie conclusion to tiie minor term, and 
the element which appears only in the premises to the 


be renieinhered that, as * always/ * iieTer/ ^ soio Af.nyi^c = 
not/ „iQ_„.pon ditional propositions corre snnn^ 
1^0/ ^sQa;S .. .Eat , Lin ,.,,,, c at egorical p m-pApf, 

The quantity of the consequent mustWStoS^^ 
the same rule which decides the quantity of the predicate 
of a categorical proposition. That is to say, the conse- 
^ conditional proposition is distributed 

and that of an affirmative conditional is undistributed' 
For exarnple, If any S is M then always that S is P doe^ 
not distnbute the proposition that S is P; for it neither 
states nor implies that the only possible condition of t9 
bemg P is_that it sho^d be M—it is quite possible that 
S IS P under many other conditions, as when it is JV or 
(J or X. In short, the distribution of the ‘ terms ’ in a 
pure hypothetical syllogism must not be determined by a 
reference _ to those terms by themselves and out of eon- 
syBogis^ context, any more than in a categorical 

(ii) Pure BisjuuctiTe Syllogisms. — Since disiunctivA 
^mative, the svlwfciHi^rg 
to quality do not apply. The rule tor saa,!;: 
i ^g^aTfe ka^^_ feemi^ rmi can Cliffy 
y^Sj^ne of the alt ernatives in the Tntoor 

consiaSed in Se mit chapte?" 

^ See p. 249 



1. Distinctions of Figure. 

l‘jgB£gig_ the form of a svlio«yT«iti as aetermined bv i 

term in the two premises, i 

the extrempi the subie^r^d 

^aiSk-^epT ^te, of the coacIusion rn^Tw 'iwi fll,;.;! 
.EgJE2gipbk:.. Jor ^ muit either15iTIT'7i7h TPr^^ 

( 2X ^e^cateln both, or 

V J ^ If, however, it is^etermineJwfei 
h.ija shall be the subject, and which the predicate, of the 
conclusion, the distmction of major and minor is intro- 
premises. The first alternative now becomes 
two-fold, according as M is subject in the major and nre- 

- - tl^e major id 

There are thus four possible Figures of syllogism— 

First Fiffure : M is subject in major, and predicate in 

.imn.or, premise. , 

'^f^oond Figure: M is predicate in each premise. 

I/tird Figure ;# is subject in each premise. 

Fourth Figure : M is predicate in major, and subject 
in minor, premise. ^nujeci; 

syllc^sms arranged in Figui-es and 


Pki. I. 

M p 

8 M 


:.S- 


Fio. II. 
p M 

S M 

'.-.T— -P 


Fiu. III. 

M-—P 

M~S 

s^IZf 


Fig. it. 

P~M 

M— S 

.‘■S- — P 
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( 1 . The 
\ 2 . The 

i (ii). In the Second 
secured only if ca.u: 
piles tlie <3istributioii < 
elusion; therefore ■ 

I fc- Om 


-s.— ine arrange- 
igure necessitates 

■M 1 ■*■ p ■w«.d Quan- 
rules for eacb Figure. 

^r emise is negafi-p -Q if 
-fci iat P k ej ^ibutS ■ 
"■-* THs 
_ aHie 
special ru lA^ 

^emue must he affirmaiive. 
nise must he univefsaZ. 

oneoffhr*"^’ middle can be 

■ ! of P EX®®® This im! 

the m«W^ consequent negative con- 
, a^^ distribute P. 

T^^wmssl he negative. 

^jorpren^e must he umversaZ. 

s . roe same reason necessitates that 



? 1 BKTB3EMINATI0N OF TALID MOODS. 

V proinise bo affiriaative. Consequently it c 

notdurt„tate ,t.p,edie.tes. So the ^3,'^ 

1. minor premise musi he agirmaMve. 

The eonclusim must be particular. 

Fourth Figure, the diatrihnWr.,, m „„„ 


secm-ed' eitfi 


vereal minor 


,r--^ ---M’figuse : f.Ttof 

T^mse- Consequently nolilSte 

t.y the possibilities of quality in the 

tt.ff *r ’""‘■^“gement of terns be 

t iiat wlieri there is a * * 

negative conclusion, the n- * -- 

so as to seoure the distribution ©rp 
premise is affirmative the minor 
SO as to distribute M ^ V ‘ 
affirmative it does not disSibutel 


^Pi a universal majA r 
umitation in quality of 
are conditioned 
premises. 

examined it wHl appear 
negative premise, and consequentlv a 

^ universal 
^ that Tvlaen the major 
ji , , premise must be universal 

. ^ the minor premise is 

So the special rules 

I^ZS ’ “ “VV « 

-T2X"r. 

«d quantity of the three 

are mood^ P^^opositxons, 

is only described fu^ whe^LSi d 

are given. There thn« J^Jgure and its Idood 

W‘mood of a syUoS ’ in 

mood—e,^. EAE— -is renarded^ general 

diffemt Loods in tlm dSfCr "te 
<*unvenient use of the term ' mood^ 
custom. o“e sanctione<3 by 

We will now see how many such moods are iustified k,. 


FIO-TTRI! AND MOOD. 


[cH. 20 


the general_ Iws of the syEogism. The simplest wav of 
domg this IS to ask what moods will give as formal -Zri 

, s?n, St. 

' - ' premises must be affirmative 

(Eule YI): and, consequently, they distribute only their 
sub;)eots. As the conclusion is universal, 5 must L dk 

f- *1 leaves /Sr to h, 

ffistnbuted m the major premise. Consequently only one 
m»d A A A i, 

MaP 

Sajf 


' iillir 




gtritate fetTOp a.m in (he sL W 5, 7(Se1 

ir-u- 1 premise must, therefore be E 

thSri.?"'s„TS«s,°t 

-a io the ori»- „1 („.„ i, 

S«» s‘\ 

g«/»^ SeM MeS 

forms of AEE in Figures H and IV. ^ 

(site VIl^^'Ts n^£r%^n®“'p® ^ affii-mative 

conclusion, yff is tril^vf distributed in the 

in the premises thou(rlf P ™ must be distributed 
tribute^ tS, b® distributed, or M dis- 

oonolusion. K, however <? ^ rt possible to draw another 
However, S were distributed in the minor 
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premise, though the conclusion 5 i p would be valid it 
miv “^equate, as we could then deduce S a P. We 
nay have, then, aiy combination of affirmative premises 

* “■» “•I'o “■« «' « 


(1) (2) 

M a P M a P 

StM MiS 


( 3 ) 

M i P 
M aS 


Pi M 
MaS 


M aP .P aM 
M aS'^M aS 


••• S i P .-.Sip Sip .-.S i P .-.S i P S i P 

Figures I and IIl/B/and™(4^1/lAi 
^MIV; (5) and (eVln^AAVSMgmt m 55^.^ 
\n\^ lirotie O. — One premise must be neaativA 

Ini 

rV) and that of 5 

It IS immaterial whether M is distributed o^rErS 

K si - 

propositSn e“cS ITr “7 affirmative 

^ it dktribSs ft 


___S iJl 
.-.'SoP 
( 6 ) 
M e P 
M aS 
.■."SoP 


( 2 ) 
PaM 
Si M 

■ SoP 

( 6 ) 

PeM / 
Ma S 
. Sop 


(3) 

M e P 
_ M i S 
.\SoP 

.P 

MoP 

MaS 

7-7STP 


(4) 

PeM 

MiS 

~.SoP 

PaM 
S 0 M 

■ SoP 


% 



Of these the first four are in the general mood Bio 
onem each figure ; and (6) in the general mood E A O 
m Figures III and IV ; (7) is the only form of the mood 
O A_0 and IS in Figure III; (8) is the only form of AO O 
and is in Figm-e 11. \/ 

Colleoting our results iVappears that:— 

^ Fi^rel^®*^ “ “ 

E can be proved in four moods, and in every Figure 
except the Third. ^ ° ® 

1 can be proved in six moods, and in every Figure 
except the Second. ^ 

O can be proved in eight moods and in every Figure. 

i ^odS’ . and ^ in the smal le st. But these pron n«i‘t,i‘r.rr o,..' 

. Hence, it is often a xi,. 


most diiSapult proi 


— -a'-'^ciXLwcrtja tnab 

ise tfiey advance our knowledge in a'po'^tm 
admit of reliable application to the individual 
come next; they guarantee only a 
t a distmctly definite view. Then come the 
ipma/iues, which promise a positive advance 
helpless m the application to individual cases! 
pan%m^r negative conclusions are of the 
mf propositions, however, are by no 

>ut scientific meanmg. Their special service is 
talse generahsations. The universal negative 
hi to be true, is proved 




. 
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h.i.s loug Iifeu custoDiaiy to designate these moods by the 
names which compose the following mnemonic lines ; each 
ot Uiese names containing three vowels, and thus specifying 
a mood by indicating the quality and quantity of the con- 
stituent propositions by the usual symbols— A, B, I. 0 ; 
thus Cesare denotes the mood E AE in Figui-e II 

Barhuru, Celdrent, JDdrii, Ferioque prioris : 

Cesar^, Odmestres, Festlnb, BctrdcS, secundse : 

Tertia, Bdra^ti, BlsHmis, BdtM, Fjlapton, 

Bocardo, FerUun, habet : quarta insuper addit 
Brnmantip, Cnmenes, Bimdris, Fesapp, Fresison. 

refe^Tl T convenience of 

wil?^™ * f ordinary names. They 

more fulij explained in the chapter on Eeduction. 

5. strengthened and Weakened SyUoeisms — Tn 
IXJ. and EAO in b’muraa TTT —-jj 


trilSn of p iT+l; IV the dis-/ 

thfl fi!. 1 ” m,® premise is not demanded bv l 

SrcnoifwTs;.!,/?*®®® therefore sometimes called/ 
^rengtumed Syllogisms because in each a premise mav/ 
le reduced to its subaltern particular without affecting thd 
conclusion. The matter is. however, of no imporfS ^ 
In discussing tlie moods which prove I and O xvp 
required that S should be undistributed in tbe premises 

wPoW otherwise the conclusion would be 

weater than the premises justify. There is, however no 
falhicy m proving less than is warranted by the evidence 

S :f Mtoa.lf »nd ,tm eonoMe only to Sip 

whp-Ti flm ' we draw a particular conclusion 

kood. 





yi0TJBB AISTD MOOD. 



In Physics the syllogistic form of thonght is the onb 
one by which particular phenomena can be explained ; and 
Barbara IS the most important mood. From the general 
^w of the radiation of heat — ^that, unless some medium 
intervenes, a warm body radiates part of its heat through 
me atmosphere to a colder body surrounding it— we intor 
that, as the surface of tiie earth on a clear night is a warm 
conditions, it will thus become cooled. 

The apph^tion of Law is equally syllogistic. The 
whole aim of legal procedure is to determine y^bether or 
not a particular case does, or does not, fall under a certain 

™ «>. .CK 

ennunal trial, the law which has been 
conclusion drawn 

from an ^mmation of the acts of the accused person 
Not Guilty gives the conclusion from those premises - a 
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It is further evident that even when — as in law — we 
have the required major it is a task of no smaU difficultv 
in practice to determine whether the case before us is a 

svShTsr"./'’®“i“®-, is a convenient 

sjnthesis of work already done. Its function in the ex- 

tension of Icnowledge wiU be considered in the discussion 


As ?ui example we may give: ‘Doties oi 
soieiy tor the purposes of revenue are not 
J^iigbsli import duties are of this class 
oDgiisn import duty is protective.’ 

(iii) Baroco. — The schema of this mood 

PaM 
S 0 M 


good emmpte is given by TJeberweg: .“Some persons 
^ Ariatotle, 4: 
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accused of witclicraft have not believed themselves to be 
free from the guilt laid to their charge; all those accused 
of witchcraft were accused of a merely feigned crime • 
hence some who were accused of a merely feigned crime 
have not believed themselves free from the guilt laid to 
their charge/^^ •-/* 

(v) Bramantip.-— The schema of this mood is 

PaM 

MaS 

SfP 

Very few argumeats fall naturally into the Fourth 
figure The following is an example of Bramantip. 
irom the premises ‘All moderate physical exercise is 
beneficial to health ; everything benefi:cial to health is 
inculcated by the Moral Code,’ we may, if our attention is 
concentrated on moral precepts, most naturally conclude 
that ^ong the commands of the Moral Code is one 
Which insists on moderate physical exercise/ 

7 The Representation of Syllogisms hy Diagrams. 

Ihe main purpose of applying diagrams to the repre- 
sentetion of syUogisms is to make immediately obvious 
to the eye, by means of geometrical figures, the relation 
estehhshed between the extreme terms^ by the premises 

Xl’io^^^’ ^ apprehension ofVe con- 

of'^^ir’^Ci" imperfectly_ fulfilled by the circles 
t ^Bler. The fundamental objections to the application 
fourfold scheme of pro|ositions 
have been already stated.^ As every proposition-excent 
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horn TPr example, the representation of £ar- 

tlius— ^ ^ reqtures two diagrams to express it; 






we lia,ve examined will naf ha giwen hy those 

by those w^haTe o^itte^ S 


(i) md (a) give 


(i) mul 0} give 



ra,. 


% 



FIGUBE AND MOOD. 



EKPRKSllSrTATION BY DIAGRAMS, 


11 ic combinafion of 
waj yields no less tin 


Biajor and ; 
lan eiglit diag] 


minor in every possible 
^rams — 




FIOtTBE. AKD MOOB. 


^agrams which express the I'eaeh, then, 

be obvious ^ 

bus the different moods 

reasoning more V^ogism scarcely 

« »lf, <1 I«- 

le <tf showing vbat n^^- ^ ^.^^a,ms is the 
asion; wheHhnfo premises wiU yield a 
ble relation betwif^S 
^ premises— we know t^t ^ ^ tbe case of 
°w tnat no conclusion can 


(i) and (d) give 


to find t&rekS°o/|’^aS T ‘^^^egarding A/ 

that (1), (2) ("S'! rfi^ examination we find 

^tomlcomcidence.^dpartkl^^^^^^^^ the 
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SyUogisms.-~As Hypothetical 
miZnlvT f Sesame distinctions of <p^tT and 
•■an be coLbS?"? P^Positions, it follows tHat they 
nnm£of ^Iv, '^™ syllo^ems in exactly the samV 
hvn<»f.beii/v,i ^n’ °an, therefore, be forms of pure 

^ syllogism corresponding to every figure and 

u» o«lf 0B,.f if* “"r'?*' ■‘ipottetical prepitiom a™ 

poK.-d of siioh rat?,? ^ sjUogisms are those com- 

com,spoL iS of tliese, those which 

the mist frequently empfoyer* ® 

cons^te^ta ^rnei^siTy with wl® f. inference 

from the preS S Tt the conclusion follows 

by the hvnotbeH , n ^ “®oo®®‘ty is not affected 

premises can alLys be redueert^tP %othetical 

fir tt wCr ifi »r 

rfidrr-ii“rTSszri‘?‘ ?• 

propositions in the qnantified^denoSltrm 
Figru^B I. Corresponding to Barbara we have the form 

V any s is X. flats is p, 
-JSJ^lAjf.MjJhctiSieX, 
‘•if’a^SisM.ihat'SlsP' 





■ ^ ■ , , , ' FIGFEE AND 

Figure 11. CoiTesponding to Oesare is the form 

If any S is M, then always it is X, 

If any S is M, then n^fWlfpT' ■ 

An example is ; ^ If any act is done from a sense of 

^ from pSel* 

selfish motires, it is always formally wronc- •■ 

^y act is done from pnrety selfish iotiSt s nof 
from a sense of dnty.’ ’ ® 

Figure m. Oon-esponding to 5ocar* is the form 

an S is X, then sometimes it is not P 
Ij any S is X, then always it is M ' 

• • ■5^®’*’ S is M, then sometimes it is nofp. 

We may give as an example: ‘If a war is inst i+ „ 
times not successful ; if any war is iust n’t i * 
in defence of some right; therefori 
defence of some right it is somAtiTno + ^aged in 
Here it is eyideni SL is 
syllogism to the categorical^form! aIdYayin^®fef 
wars are not successful* ah -inaf Ttro-« ^ ^ borne just 

of some rigI^t;Tem“Cso« 
right are not successful.’ This has eZftiv rtf ^ ^ 

as the conditional form for the 

the want of success^ f tliat 

character of th“ But consequence"^ the 

conclusions, it is evident there • ™iTOrsal 

wn^uent upon anteoedenjwhich isZVif tsfir® 
be tesferred to the categorical fon^. “ ™ cj^ogism 

Ks«e IV. Corresponding to Dimm-is is the form 

^ m 5 is p, it ig sometimes X, 
o ^g Xi it is always 
• • V cm S is Mf U is sometimes P. 

“Ml a fc SSw K? i? " “r"™" 

rency ot any countiy is depreciated, it 
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causes iui artificial mflation of prices; therefore, if the 
currenev of a country causes an artificial inflation of prices 
i ' soniotmies consists of inconvertible bank notes.’ Here' 
again, it is evident that the antecedent does not state the 
ntcebsary ground or reason for the consequent, and nothing 
fom.* reducing the whole argument to the categorical 

SyUogisms.— The possibility of 
consisting entirely of disjunctive propositmus 
has not usually been considered by logicians. InC it k 

syllogisms are’pos- 

wilh .;n affimative co^Mon'aTnhSj^ 

can be negative. Only the affirmative moods are^ tKw 

poss^k, and, of these, that corresponding k 

miTil T f Further, we only semre 
a middle term when one of the alternatives in the S ! 

pi emise negatives one of those in the major premist Prom 

S i$ either P or Q 
S is either P or R 

or ffTitw ^ except that S is either fi or 0 

or R, which simply sums up the premises. But from ^ 

S is either P or Q 
S is either P or R 

TfS is Pit is 
If S is R it is P 

whence it follows that If S is R U i« n 
the disjunctive S is eitUr Q or R Su^h 
however, of infrequent occurrenre As th7lrl^®“®c 
alternatives is mdikrentitwmbt^een tL7fi,°S^T 

of Sg^j. to. .. projl^ipplS 







CHAPTEB XXI 


EBDUCTION OP STILOOISMS. 

1. faction of Beductioa.— Bedttctic 
cess by wMct a givea syllogistic ara 
pressed m soaie other Pigare or Mood i 

rn - confined to exo 

in the 

^ough the proSss <gn be apollSTl^ifir 

^toc£ ooatains tw 
^'Mood to anothf 
are of no utilitv and 


ag. in tbo 
SHEfiSv^d 
ELs ase to 

3-^7 oiE eF 
iron trom 

Hdiu a^g aot be considfirAd ^ *--£ffieSsses_ 

U Figure i aecessary to establisli i-h^ 
syllogisin expressed in another fimSf S W 

oCStvT^'T ^ and 

«,»«%, sM^eo. is 

i>fe th«“ eH”?™ i 5 ,° ] 

ae more cogent by being rednced ' 

immediSty f| 

s^tematiees thllSrjTsSrt^ 


COgCJ 



BXPIiA.NATIOH m THB MNEMONIC LIXES, 


Bxplanatioa of the Mnemonic' Iiines— The 


primarj Intention of the mnemonic lines given in the last 

chapter is to indi^te the processes by which syllogisms 
m hgures other than the first can be reduced to that 
nguie. Tins IS ingeniously done by means of the con- 


sonants employed. For convenience of reference to will 

iiere repeat the lines- — 

Barbara, Celarent, JDarii, Ferioq\i& prioris : 

ftX’ [or FakeoJio-}, second® : 

\^rtia,, I)araph, Dimmw, BatM, Felapton, 

J5oA«a»MsA], habet: Quarta insnper 

Bramaniip, Oammes, Bimarie, Fesapo, Fresieon. 

Some writers replace the c in Baroco and Bocardo bv 
but this letter is required for the two additbua Wmo4s 
cannot, therefore, be used in the older 

Jfaf S r 

of tto ot^ %Bres Jn^wiite ££at 

reduced to niopd in .the Pirsf Ti^b 
which has the same mitial. Ifi the otoer figures-!- ^ 

^ of the preceding proposi- 

;/ p mdicates that the preceding proposition is to be con 
/ -re^di per accidens. w uecon- 

^ signifies metathesis, or transposition, of the premises 
.h dmotea ohversion of the prying pronosittor 
^ ks indicates obversion followed hy conLsion-lthat 
; , . ®oJitraposition — of the preceding proposition 

sA signifies that the simple converse o/tL TeSL 
proposition is to be Werted. Preceding 

c shows that the syllogism is to be reduced indirectly 
(converew syllogumi, or change of the svllomsm^ 
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Wlien one of these letters occurs in the middle of t 
word, one of the premises of the anginal sylloeism is 
undergo the process of eduction indicated. Now wheii 
one of the chmges indicated is the transposition of w-p 
mises, the position of the extreme terms is reversed onri 
the maior term of the original syUogism becomes the lAinor 
tem of the new. The conclusion must, therefore, be con- 
verted to bring it to the original form. 

Thus every word in which m occurs ends in « « or 
sh, and these lettem mdicate that the conclusion of the 
new syllogism is to be converted. It will be notiSd 
that no other sigmficant letter ends a word. The oSv 
mea^gless letters are thus seen to be r, t, I, n and 
h and d when they are not initial. Several attempts ^ 
to change the forms of the words as to omit meanmlless 
letters, and to employ a distinctive letter for each mood 

taaifcSiSt “ ““J" *0 a* 


3 .^ !B!ixids of 35t6d.xictioii.i-~— It was indioafpd 4*1.^ a 
sgion^^t there are two ki nds of Be^uctioT.--7vr::T:nq 

(fit) Gonversion. 

Oesara Nestiwo, Datisi, Ferison, and 
Frm, are reduced to the First Figu;e W 

11) becomes aefarr 
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Aad ITresison (Fig. IT) becomes J^erio (Fig. I)- 


PeM 

MiS 


MeP 

SiM 


. SoP 


SoP 


• . u u r 

(2) The moods Barapti a,nd. Felapton are reduced by 
couvertmg the minor premise per accideri. 

-Darapfo (Fig. Ill) becomes Barii 
(Fig. I)— 


MaP 
M aS 


MaP 

SiM 


■•■SiP .-.SiP 

(3) Fesapo (Fig. IV) is reduced to Fmo (Fig. I) by 
ae simple conversion of its major, and the in- 
version per accidens of its minor premise 

PeM — _ MeP 

Mas — SiM 


> S 0 P 


S 0 P 


(6) Transposition of premises. This, as has been seen 

involves conversion of the new conclusion. 

(1) Tlie i^ods Bra^ntip, Gamenes, and Bimaris, -all 

in Figure IV. reduce to the First Figure bv 

merely transposing the premises. ThusFraw*. 

antip becomes Barbara— 

M aS 
PaM 
\TaS 

ihyXkmv.ys i P 

(2) Camestres and Bisamis are reduced to the First 
Figure by transposing one premise with the 

S un'S” rao..2)i.lS 

ig. ill) becomes DaHi (Pig. I),--. 



.SiP 


MiP 
MaS 

»T?T? 


iP. 



EBDirCTIOJSr OP SYLLOaiSMS. 

) Ohversion. 

(1) The mnemonic FaksoJeo indicates i 
(Fig. U) may he reduced to FcTio 
contrapositing the major premise ai 

the mmor. Thus — 


.-.SoP 

(2) Simltoly Bokaamosh signifies tha 
Ul} may^ be reduced to Ba 
contepositing the major prem 
it tlie minor, and tlien obvor 
converse of tiie new conclusion. 


r.PiS 

(by conv.) $ i p 
(by obv.) SoP 


(ii) Indirect Bednction. 

d new syllot 


is formed which 

tl ie oriymarcSmi8i<m U 

f2ffiMi£|222^his method iTa.^o 
impoaaihle or Bedueiio ad ahaurdwm 
to ■' * 

JBcltoco and JBocci/tdo • l. ^ ” 
l^^^laMm^theori^i;;^ 

elusion 

is formaUy teue ; “i^en it 
IS formally faJse. In iu, 
ference, this formal truth 
wncemed with. ITow, if 
its contradictory must be 
dictory is combined with . 
new syllogwm is formed whosreoneb 


^tahhsJie s the validi} 
IS also called Meductio 

_ j; md this application is the only 

» legtaWj drfueed from too 

is not so deduced from then 



^ kinds of BEDtrCTION. 

torro^tTi/nr-^ contradicts it, it proves that the coatradic- 

s:‘ s 

toe ongmal syUogism is estabUsted. ^ 

Barhlm^'S)fZT ^ syllogism in 

inference from ihf^ ^ that is, is an 

the prZkelon^t^ r^'^^^L^ Eepiacmg 


.-.SoP - .-.SaM 

SSiifi 5 '^ j irfj ‘z ;? s « !» 

jnl i., (tetow t'„Z SziTi r“?*- 

foimailj true, and Baroco is a valid mood ' 

-Bccardo. If tie conclusion, SoP is 
ormallj false, its contradictory, 8 a P, is formallv trnA 
Eeplacii^ the premise followed by a by this nronosition 
tTmf- " "wither 


.-.JlfaP 

Therefore'' M TTif ^ ® 

j™., tiit, , s o“iSZL?u! 

prS ’ frequently as a mXfoi 
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®^yPotIietical SyUoeiaia« 

The vaJidity of the reduction of any syllos'ism^^nru^’-? 
upon the legitimacy of the processes of SdfaK' 
ference involved. With hypothetical proSS 
these processes are valid, consequently pMe\vno+),!f ^ 
syllogisms can be reduced in exactly the same 
categorical syllogisms. For example, the pure hvun^ 
thetical syllogism corresponding to Oesare 
reduced to the form in Fiffure I affreeW 
by simply converting the major premise, sf that 

(oonv. of orig. major) If any S is X, thm n^er is it p 
If any S is M, then alway s it %s 
If o/n/y S is Mr then never is it P ' 

obverted. We thus get— ’ ^ the converse 

(contrao ^ S is X, then always it is M 

of .„g. If ^Si,p. a„ Z f v 

• fbv ronv \ it Sometimes it is M ■ 

(by obv 1 ¥f ^ sometimes it is p’ 

•) If an S IS M , then sometimes it is not P. 


^ See p. 248. 


‘ See p.848. 







CHAPTER XXII, 


Syllogisms.— When one of 
3 a hypothetical and the other 
e foi-mer is called the maior, 
he mierence ; while the latter 
ise in which the major is ap- 
forms to the same principles 
IS stated m the fundamental 
aerived concrete ennmeratiTe 
nditional.! But in the latter 
r ot syllogistic inference— the 
nciple to a special case — 
m m the former. Eor, when 
ditional proposition, it lays 
general dependence of one 
lough it makes no assertion 
these phenomena occurs ' in 
^%orical minor affirms or 

mj.r, to 0<.el„a/arl,“ 

. * . . ‘31011 in that same case, 

major premise is stated in the abstract 
for the con- 

' ^ ' ^then the application f 
some particular instance of } 
--'—d nature of A 
must be the 
m, and the conclusion is the generic 


any special instance. The cate 
denies, the r-— ;; - 

special case, and thus enables us 
■ rule given in the i- - ’ 

Mn-occurrence, pf tli^ other phenomei 
When, however, the - ‘ • - 

hypothetical form 

nexion of content—^ 5 M 
to reality is not made through t 

mediated by the ascSrtaked 


I. n. 


1 See p. 107. 
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(i) Basis of Mixed Syllogistic Keasoning from a 
hypothetical major premise. — ^As the inference in these 
svllogisms is as purely formal as when both the premises 
are categorical, it must ultimately rest on the fun(femental 
principles of thought.' There is a very distinct reference 
to the Principle of SufOicient Reason, which may indeed be 
regarded as the specific axiom of such syllogisms. This 
principle of thought and necessary postulate of knowledo'e 
compels us to grant the conclusion which follows from any 
data we have accepted. Ajpplied to syllogisms with a hypo- 
thetical major premise this means that, if in the m'inor 
we assert the antecedent of the major to be true in fact we 
must accept, as a conclusion, the truth of the consequent 
But a stricter examination shows that this is an application 
of the Principle of Identity. On the other hand, if, in the 
minor, we deny the consequent of the major, we must in 
the conclusion, reject the antecedent. For, by the Prin- 
ciple of Excluded Middle, the antecedent must be either 
true or false, and, if it were true, the consequent would be 
true; and by the Principle of Contradiction, neither the 
antecedent nor the consequent can be both true and false ; 
therefore, the denial of the consequent necessitates that of 
the antecedent. 

« to Determination of Valid Moods.— It is thus seen 

)yA/ that the assertion of the truth of the antecedent of a hypo- 
thetical proposition justifies the assertion of the truth of 
the consequent, and the denial of the consequent necessi- 
tates tile denial of the antecedent. B»iit the same conse- 
^;|(ment maj result from more than oiie antecedent; and 
I therefore, the denial of the given antecedent will not justify 
I the denial of the consequent, nor will the assertion of the 
n. consequent warrant that of the given antecedent For 
example, though if a man is shot through the heart he 
dies, yet men also die from other causes. The denial that 
e IS shot through the heart will not, therefore, warrant the 
aemal or his death ; nor will the assertion of his death 
necessitate the statement that it was due to this particular 
cause. We may express symbolically the various ante- 


1 See Ch. II 
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cedents ‘wliicli lead to tlie same consequent, using the most 
general formula of tlie hypothetical proposition, as in this 
respect it does not matter whether the consequent has the 
same subject as the antecedent or not — 

If A., then, C. 

IfX, then C, 

If Y, then C. 

If Z, then C. 

Heie, it is evident that if we deny A, we still leave open 
several possibilities of the occurrence of c, for either X, X 
or Z, may be true ; and if we assert C, though we, thereby! 
assert owe of its possible antecedents, we cannot tell which 
one; nor have we, indeed, in either case, any security that 
all the possible antecedents of C are known to us. If, in- 
deed, A is the only possible antecedent of C, its denial 
IS a material justification for the rejection of C, and 
the affirmation of C is a material warrantv for that of A. 
But these material conations do not hold 'in all cases, and 
we aie not, therefore, justified in assuming them in any • 
in formal inference we can deal only with that which holds’ 
universally. 

Nqw. as C may follow froni several other antecedents 
besides A, it corresponds to an undistributed term. If, 
however, the denial of C were deduced from the denial of 
A, C would be used universally in the conclusion. Again 
when C is affirmed, it is affirmed in one ease only out of 
several possible ones ; to posit A as a result of such affir- 
mation of C would be to disregard this. Thus, the fallacy 
ot denying the antecedent is analogous to an iOicib process 
ot the major term, and that of affirming the consequent 
^rs a similar resemblance to an undistributed middle. 
In each, the unwarranted assumption is nmde, that the 
major premise embraces every ease in which the consequent 
can,, 1)6 true.. ■ 

There are thus two, and only two, valid processes of 
formal syllogistic inference from a hypothetical major 
premise. They are covered by the canon ; 

To affirm the antecedent ia to affirm the consequent ; to 
deny the consequent is to deny the antecedent. 
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In tlie former case the syllogism is said to be Construc- 
tive, or in the Modus Fonens ; in the latter case, Destructive, 
ox mthB Modus TolUm. 

When, in such a syllogism, the major premise is a 
negatiye hypothetical, it is more convenient, and equally 
natural, to regard the negation as belonging to the conse- 
quent. The major may, then, take any one of four forms, 
as both the antecedent and the consequent may be either 
affirmative or negative. There can, therefore, be four 
forms both of Modus Fonens and of the Modus Tollens, 
But it must be remembered that these names have no 
reference to the quality either of the minor premise or of 
the conclusion, but simply to whether the minor enables 
us, in the conclusion, to affirm the consequent, or to deny 
the antecedent, of the major, whatever that antecedent or 
consequent may be. To each of these varieties of the two 
moods separate names are given by Grerman logicians. 
These names, however, are based on the quality of the 
minor premise and the conclusion — fonens marking affir- 
mative, and tollens negative, quality — and thus the same 
name may denote either a Modus Fonem or a Modus 
Tollem. Still using the one general formula to denote ail 
forms of hypothetical propositions, these varieties of the 
two moods are thus expressed symbolically— 

(J.) Modus Ponens. 

(1) Modus ^onendo jponens. 

If A, then C, 


(2) Modus j^onendo tollem 
If A, then not C, 


.% Hot C. 

(3) Modus tollendo ^onens. 
If not A, then C, 

Hot A, 
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mixed hypothetical syllogis: 


(4) Modus iollendo tollens. 
If not A, ihm not C, 
Wot A, ■ 


Wot C. ■ 

{B) Kodiis Tollens. 

(1) Modtis toUendo tollem. 
If A, then C, 

Wot C, 


Wot A, ■ 

( 2 ) Modus ^onendo toUens. 

If A, then not C, 

€, 


Wot A. 

(3) Modus tollendo jponens. 
If not A, then €, 

Wot C, 


(4) Modus 2 ^onendo ponens. 
If not A, then not C, 
C, 


The identity of the names of the subordinate 
points out that the Modus Ponens and the Modus Tottens 
aie, at bottom, identical. On comparing the maiors of the 
moods with the same name it is seen that thiy are tM 
obverted contrapositives of each other, with the antecedent 
and consequent transposed. It follows that, if w?obreri 
toe contrapositiye of the major of any form of the Modus 
ponens, we shall get the corresponding form of the Modus 
ottens ; ^d that the latter can be similarly reduced to the 

of f^wIdZ Zo2f """ 

If A, then C, 


A, 
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and obvert tbe contrapositive of its major, we get 

If not C, then not A 

A, 


[CH. 22 


wbicb IS the modus ponendo ponens ot tbe Slodus 

If A, then not C, 

C, 

77mt A, ~ 

bj obverting tbe contrapositive of its major we get 

If then not A, 

C , 

■ , XkvTa^ 

e" ^^odus Ponens 

position wlien it is stated in t]iA a V? ^ pro- 

form, tbe snbjelt of boi tS antecef ^“ive 

are quantified, the minor m^ v consequent 

major by affirming either its^onf^^,!-*!^^ consequent of the 
in each^ase, EvS w^ar. f 
denying the antecedent of the maior^-^ tha t 

emtmdictor^ as our conclusion. ThS froiTthe®''*™^'^® 
E all prophets snoke tbf» “om the premises 

but none L be£d ’ we ^ 

that ‘ some prophets do not « ]nstified in inferring 

prophets do sE ^ ^ot that ‘ no 

(iii) Examples. — We will T„^w ■ 
examples of the various f now give some material 
syllogmms:— a™us forms of mixed hypothetical 

(A) Modus Ponens. 

creasing in power. ihnglmd is m- 
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(2) Modus ponendo toUens. If any import duty is 

imposed simply for revenue purposes, that duty 
IS not protective; English import duties are 
impend siinply for purposes of revenue ; there- 
lore, English import duties are not protective. 

(3) Modus tollendo ^ponens,^ If any swan is not white 

it IS black ; Australian swans are not white- 
tneretore, Australian swans are black. ' 

(4) Modm tollendo iollens. If any war is not defen- 

sive, it IS not just ; the wars waged by ilapoleon 
the Great were not defensive ,* therefore, those 
wars were not just. 

(B) Modus Tollens, 

(1) Modus tollendo iollens. If any country is civilised 

It has a population among whom education is 
of Eussia are not generallv 
educated ; therefore, Eussia is not a civilised 
country. 

(2) Modus jpmendo tollens. If any social institiition 

IS justihable, it oppresses no class of the com- 
munity; slavery does oppress a clask; therefore 
slavery is not a justifiable social institution. ’ 

(3) Modus^ tollendo ponens, 11 any railway is not 

required in the district through which it runs 
it IS a financial failure ; the great English lines 
are not financial failures; therefore, they are 
required in the districts through which thev 
run. ^ ' 

(4) Modus ponendo ponens. If any country has no 

capital invested abroad, its imports will not 
exceed its exports ; England’s imports do exceed 
her exports ; therefore England has capital in- 
vested abroad. ' 

A few examples may be added of similar inferences when 
the hypothetical major has not been reduced to the funda. 
mental form with the same subject to both antecedent and 
consequent. ■ .. ■■ : 




mixeb 


infer the denial of one of ®i£cJusive, we^c-jt^i 
gV, Those logiciaLl^ho" hoM « assertion S j 
course assert that this Tan ^Posi*® view 

erclusxve riew were rSt “ d ®^®n ^ t 

that 5 could not be boVp ando 'Vf ^T ^ ^ ^ ^pli, 

made'^fro ^ liecanse it is /O^tL f^f is infern 
Macie from the cateeorieal r^yZ.' “^®renee is plain 
tte disjunctive maion^-. No P is 

from • ™ajor premise is hpM i ^ 'J’ ^lue 

•1^ “£)/ “'J ““«>«<;« i, ,< 

F'sms, coJmonlTcSkff ^disjunctive <^vl 7 

■* g-s one alCSvet; 

As. however, both the ahorr,.^^ ® o*ii®r- 
fiirmative or negative thi<s '^®inbers may be either 
urresponding to the t’, r'®, “ood may take foiir 

(1) Mither 2C (}r X 

No i X, 


MIXED DISJUNCTIVE SVDDOGISMS. 

(S) MitJier not X or T, 

X 


(4) Mther not X or not 

X, "V; . ■ 

3fot y7 ■ 

(iii) Beanction '' of Mirsed Bisjnnctive SyUorfsms. 

-As wery disjunctive proposition may be expressed in 
hypothetical form* every disjunctive syllogism may be 
expressed as a mixed syllogism with a hypothetical major 
premise. When this is done, the above four forms are seen 
to be equivalent to (1) the modus toUendo ponens, (2) the 
wodw tollendo tollens, (3) the modus ponendo ponens, and 
(4) the modtis ponendo tollens of the Modus Ponens when 
alternative is taken as the antecedent 
V « 1^5 premise, and to the same forms 

of the Modus Tollens when the denial of the second altema- 

■ syllogism in the Modus Ponens 

IS reducible to a categorical syllogism in the First Figure 
and every syllogism in the Modus Tollens to a similar 
syllopsm in the Second Figure, it follows that every dis- 
junctive syllo^sm can be expressed at will as a categorical 
sy ogism in eithm of these figures. This again illustrates 
the essential unity of the syllogistic process, though the 
reduction has no other value. & 

(iv) Examples.— As examples of the four possible forms 

or mixed disjunctive syllogisms we may give 

(1) Every tax which provokes general dissatisfaction 

IS either onerous in amount, or unjust in its 
incidence; the unpopular Poll Tax of Eichard 
n was not onerous in amount ; therefore, it was 
unjust in its incidence. 

(2) Any country which maintains a protective tariff 

either intends to subordinate pi’esent to future 
advautage, or fails to see its own interest clearly • 
America, in maintaining her protective poli^! 

* See pp. 110-111. 
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.h, fj. ^ 

‘ or is po. 

im wm jurtifi!ibfei’t£?ef(!S“5, »« 

bj oppression. was provoked 

^bSh ihe'^pplttedp^h"'^ ™ 

msnJScient severX ?ri«£^ ?“®'"*’“. either of 
bj the criminal; the oenah^ ^ot incurred 

fails, and beinff de^h^t n?^ *^us 

'2) iaS““‘ ™' 

forhis SuT/Tutmaris^r 

’'^ce is voluntary ^®®Poiisible ; there- 

(3) Either no man should be a 

incapable of virtue ^ are 

, of virtue; theSore nM“° T”, “<^^Pabl6 

(4) Either povertrr T"" ^ ^ ®lave. 

desert sometimes goes^-^rewa^d or 

IS sometimes due to iSs wT Poverty 

does sometimes go unrewSdS.’ ‘^®®ert 

8- PilemmaB. A ti:i 

.Jiypothetical^^o? ® syUogism with a 
inactive nunor. major premise and a dis- 

' ‘‘"■•I. - .a'tL^'a 
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DIIiEMMAS. 


^tSatiSf wf-t argument is the choice of 

altenatiyes which it thus offers ; and, when it is used 

rhetorically, the aim is to make these alternatives of such 

eqSv ^sa«Sl rt be accepted, all lead to results 

Hence arose the 

sa;^ng to be on the horns of a dilemma.’ 

btnctly speaking, a BUemma, contains only two alter- 
natryes ; if three ^e offered we have a TrilJnlT^ tTZ 
a Tetralemma-, and if more than four, a PoMemnia As 
these_ more complex forms are governed by the same 
tSTtter. it will be sufficien/to consider 


(i) Fomas of the Dilemma. 


Hetormwatoi of Forms. Like all mixed hypothe- 

t be either Constructive— 

antecedents are affirmed ; or Besfructive—wUn 
Je consequents am denied. In the foimier case, there 
must, of necessity, be two antecedents in the maior pre- 
iWt;™ the minor premise could not\e ^g- 

^ ®“gie consequent— 
iir™TT *+^ “o^ci’Jsion will a;ffirm in the same form, which is 
the onr, 1 oategorical ; or two consequents — when 

SL disjunctive. & the former 

^milerlv fi ^ &wpi!e; an the latter case Complex. 
Similarly, the major premise of a destructive dilemma must 

aSSS >^ts, which may have either one or two 

antecedents, ^ dilemma being again Simph or Complex 
^ordmgly We thus get four main forms oi the dilemma 
which ^y be expressed by the following formulae, in which 
each letter represents a proposition— 

0-) Simple Constructive. 

{a) If either A or "R, then C, 

F ither A or B, 


(6) If either A or B, then either C or D 
Fither A or B, 


Either C i 
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(2) Simple Destructive, 

If^ A, then both C and D, 

Diiher not C or not D , ' ■ 

^ Wot A. ~ ~~ ‘ 

(h) ^^oih A and B, then both C D 
mther not C or not D, ’ 

(B) Complex Constructive. 

then C, and if 'E, 11167113, 

Either A or B, 

/. Either C or B. 

(4) Complex Destructive, 

If A, then C, and if B, then B, 

Either no t e or not B, 

Either ixot~A^ not~H! 

simple bTcaraeSdteSatSrify^^^ 

major premise have only one conseoueTf 

IS disjunctive because tMs sin<.le SauenMs® 

m form. Similarly, tbe second ^.^®3unctive 

structive dilemma is not LmnW ^ ^ 

junctive conclusion for that a dis- 

denial of the one singWtecS T H 

It thus appears that SsTfoms Lff 

we only special cases of som^wTitf ^ 

the simple forms ^ greater complexity of 

.ii’ipteSs 

latiYe, and not disjunefee in consequent copu- 

when two consequents are alternflHirn ^ that 
denial will not justify the deninl n-F disjunctive 

if one of tvo alfima+L!”® the antecedent ■ for 

and tlie truth of one i-rll I>e true’ 

of such a proposition demands antecedent 

I' i- mnaernands. It is necessary that 

* Of. Keynes, Formal Logic, 3rd Kd., pp. 317-318. 
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tlie consequents should be connected with the whole ante- 
cedent in order that the denial of their coni unction mav 
jusfafy the rejection of the antecedent as a whole ^ 
We wiU now illustrate each of the above forms. 

Constructive. The inhabitants of a be- 

dilemma as this . If we hold out, we shaU suffer loss bv 
the bombardment destroying our nroneT-tv W -jf ^ 
™d«, w. srfEer t, «/£ 

much less frequently employed. As an example^of it we 
may pjive: If either England is over-popXted or hs 

md^ustry is disorganised, many people must J^there JL^^ 

frni. ! it present srSeTeit£ 

from ovei -population or from disorganisation of industrv- 

in deep poverty.’ emigrate or live 

,. Simple Bestructive. Euclid’s proof of Pronosi 

SHhlSind ^‘\f ?* ^ exhibfted as a dilemma 

ot this kind: ‘J£ two triangles on the same base and on 

the same side of it, have their conterminous side’s equal 
then two angles are both equal and unequal to each otter - 
but they are either not equal or not unequal- therefore’ 
f triangles is impossible’ 

mcYt emmple such an argu- 

^ oi>jections against Politi- 

al Economy, we must admit that it tends to' an excessive 
increase of wealth : and also, that it tends to Zpo^rkh- 

mivl;™!® St V«ed. As an example we 

J g 0 . If compulsorj education is unnecessary and no 

^ Wiiately, Ekmenta of LogtCj 5th Ed., pp. 117-118. 
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legal regdation of the conditions of the hhr,„r , 

IS j ustifiable, then all guardians of children both f 

and try to perform their duty to those under th^^T^™*^ 
but some guardians either do not understand ’ 

their young wards or do not try to perfZf i? S 
either compulsory education is necEv^^^’ therefore, 
jyAton 0 * to co.dili„„ „( 

o/ldeSt tiZi ‘frTF'‘ '« 

(he Qrowti, where he argues: ‘If Aeschirt?<f™°*'*^l“®® 
public rejoicings, he is inconsistent tfT joined m the 
unpatnotio; but either he did or he did^nft*^ fi?*’ 

ither 1. i. . t,S:S* 4" 

f m.. i. .,t » v„, com. 

well organised, there^is work England is 

who seeks it, and if all labourpr-o efficient laboui-er 

seek work ■ hut eitliAT- „ are industrious, all will 

• they will not sSk Tt ^ get work or 

England is not weU organist industry of 

(Ti\ TiT^ 1 I organised or some laboui-ers are idle ’ 

4 ^. IjSS.SrS'mf £"■ ™I''“ 

structive dnemmas am constructive and de- 

of the one maTCSerted 

the other by obvertinTthe ™?Ponding form of 
premise. 4us of the major 

instructive dUemmM complex 

each of the two forms of thp^^1j“l“*®' 
convertible with the destructive is mutually 

constructive dilemma Tn^fl°“5“5 *Ee simple 

sufficient to re£ ich^f b® 

tive form. *be destructive to a construe- 
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If f her act C or not D, not A, 

Mther not C or not n, 


.-.JirotA; 

''’™ -''“i™. ™‘«>a 


<.™ of tl» 0»p,e c.ns.J^iotSlitr.SX”'' 


''“• “‘ A .. .ot B, 


.‘. Fnilief not A or not S ~ ^ — — — — — — „ 

O' ‘ke 

fifag/r .r^ofV’^ ^ “■ «•» “‘ A. 


.•. Mither not A or not B ;. 


£«i ‘'■° '«">‘™o‘™ fo» with oegotiv, 

coYf^Wbility may be Ulustanted by an examnlp A 

man in bad health, and who has no t * i • ^ ^ 

may argue that his recovery is hopeless either'^in tTe ? 
destructive dilemma: ‘If I am to tom iVn^. ®™P^® 

or live meagrely ; therefore, I cannot regain health ’ 

“““• Hot oil, „„.t £ SC;„r«f stJ»; 

and consequent be a real one, but the disiunctbn in thi 
minor premise must exhaust every possiL atenatim 
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Miller A or B, 


Either O or B, 


inaj be rebutted bj tlie dilemma 
If A, then aiot 3D, and 


Eit her A or B, 


Either not C 



^ j dilemmas. 

once, and tlie other half wIiAn ^ 

As Eiiathlns engao^ed in no snif P f ^on his first case. 

confronted Mm wfth this dUemma^^M^t f“®r n™’ 

man, if you lose this sm'f vah f ' foolish young* 

court, and if you o-iin P^J me by order of the 

tract.’ To which Euathhis oo“- 

I shaU not Sy yon STf I w i- 

payment by oXnt^t from 

by the judgment of the court ’ ^o^erated 

solutions have been SerTd T1,f f 

to be this: AsEuathlus Imd until^h? ®eems 

condition of the baruain was oolf 

rf^ould hare deciSjrhrW f 

Protagoras to brino* a fmcsK «trf It was then open to 

hare gone against Euathlus. ' ^ judgment must 

seizeTnhUdSlolsl%M ‘’'’'’ff ‘®;i ^ crocodile had 
truly whether or not h™ ^ fr>n I*™ 

restore it. Pearinn that iV it back, he would 

it back, be 

false.’ On this Lotze says 

dilemma; as a matter of fact Iwler'boK? 

Lual resMt asluM ttln ^ 

answer which only differs from tw! k * ^ 

nate.”“ Por had sIia ^■u’^ being more fortu. 

its restoration would both have^m^e 

have fulfilled the agreement! ^ ^ fr“® 


* Zoffic, E 


hg. trans., Tol. ii., p. 20. 
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ABEIDOED AND CONJOINED STLtOGXSMS. 

E^tliyaieme is a syllogism 

^ syllogism are given tlie third is 
sufficiently obmus, it would be mere pedantry to exoLs 
It mordmary discourse. It is, therefore, but Ldom^that 
fully expi^sed syllogisms are met with outside treotiwii 

easy°to°commft it both more 

easy to commit faUacy and more difficult to detect it A 

wanting in pertinence is not reaSd ^ ® 

usual’'STli‘^®°®™®*^® omission of a premise is more 
;« T, ® supprBssioii of tlie conclusion Tho 

“ 5 - 

Seeoia^Ord^^T premise is omitted. 

TMrd Order premise is omitted. 

der when the conclusion is omitted. 

• stated syllogism : 

“rei t r ^"Me to ^freiuent 

democratic} th^efore^^T goYernment is 

s ^ioeretore, the English government is ikble 
: ' , 27 $ 
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to frequent clianges in foreign policj may be expressed 
by an entbyineme of each order ;— ■ 

First Order./^ ‘ Tlie^ English goTernment is liable to fre- 
quent changes in foreign policy, because it is democratic/ 
Seeond Order, ^*The English goTernment is liable to 
frequent changes in foreign policy, because all democratic 
gOTernnients are liable., to this/ 

Third Order, ‘All democratic governments are liable to 
frequent changes in foreign policy, and the English govern- 
ment m democratic/ ; 

When an enthymeineis of the first or second order, more 
frequently than not the conclusion is stated first, and the 
premise given in its support is introduced by some such 
illative particle as ‘ because ^ or ‘ since/ 

When an enthymeme is of the third order, it is, of 
course, immediately obvious to which of the syllogistic 
figures it helongs. When it is of either the first or second 
order, this must be determined by the position in the given 
premise of either the minor or the major term. If the 
given premise contains the subject of the conclusion, it is, 
necessarily, the minor premise, and the enthymeme is of 
the first order ; if it contains the predicate of the conclu- 
sion, the enthymeme is of the second order. Eow, if both 
the given premise and the conclusion have the same sub- 
ject, the enthymeme must be in either the First or the 
Second Figure ; for in those figures only is 5 the subject 
of the minor premise. Similarly, if both the propositions 
have the same predicate, the figure is either the First or 
the Third, for in these P is predicate of the major premise. 
If the predicate of the conclusion is the subject of tbe 
given premise, the argument belongs either to Figure II 
or to Figure lY, in each of which P is the subject of the 
major premise. Finally, if the subject of the conclusion 
is the predicate of the given premise, the figure is either 
the Third or the Fourth, for in each of these S is the pre- 
dicate of the minor premise. ' 


2. Progressive and Begressive Chaims of Beasom-* 
img.— A train of thought may lie/conducted by means of a 
Succession of syllogisms in which the conclusion of each 


278 abeidged and conjoined stdlogisms. [oh 23 

syllogism suppHes a premise to that wliich follows 
mes may be distingmshed. In the first the concluSa 
forms the major premise, and in the seeonfl 
premise, of the syllogism which it precedes. SymbolSllf 
therefore, this may be represented as follows— 

(1) (major) (1) 

i'aX (major) 

■.XaP (oonol.) 

il“y (2) 5a/ (minor) 

irainov) /a# (major) 

(3) ^ a P (major) (g) S a M 

# a P (major) 

.;.SaP (conol.) .-.STplo^”) 

' - -s-n 1! 

A n Bj^UogUm w a ayThnim, me oj v>hoee premises is 

»•“ »« « 2 

bee^ tZ bought lias 

straiion is ^ 

thetici it is Tenr or Syn- 

sdantly nsed bv “53'thematics and is con- 

thefal propoaiaiTrlSif.!;**?™",® »f ifpo- 


Of the planitV thenae dXT^ ^ 

■“ ““ ~ S’ a iZ ZZZf: '5 E 




§ 2J CHAINS OF BEASONING. 279 

be tbe case, then the existence of organisms on the eartli 
cannot baTe been (nor can remain) eternal. Hence, if 
there is this medium, organisms mnst have at one time 
come into existence, and will wholly pass away. If orga- 
nisms once existed for the first time on the earth, they 
must have arisen out of inorganic matter. If this is the 
case, there has been an original production (generatio aequi- 
Yoca). Hence, if this obstructive medium exists, there has 
been an original production.’’^ 

But in physical science it more frequently happens that 
the highest and most general principles are the last to be 
discovered. “Certain general propositions are first dis- 
covered (as, the laws of Kepler) under which the indi- 
vidual facts are syllogistically subsumed. The highest 
principles are discovered later {e,g, the Fewtonian law of 
Gravitation) from which those general principles are 
necessary deductions.”''* In such a course of reasoning, 
thought advances from the episyllogisia to the prosy llo- 
gism,^ going backwards further and further tow^ards first 
principles, A demonstration of this kind is, therefore, 
called Regressive, Prosyllogistic, or Analytic, It 
may be thus represented symbolically, the episyliogisin 
being stated first, as in such a train it comes first in the 
order of thought 

(1) S d P (ooncl.) (1) Sa p (conol.) 

^ ^ Map (major) 

S a M (minor) S a M (minor) 

(2) MaP (concl) (2) Map (concl.) 


X a P (major) 
M aX (minor) 

XaP (conel.) 


vKaP (major) K a # (major) 

X a Y (minor) S a Y (minor) 

^ Such a train of reasoning, whether progressive or regres- 
sive, is often called a Polysyllogum, 

^ Ueberweg: Logic» Eng. tr4ns.,.p. 464 ,. / » Ibid», p. 465. 


* Ibid» , p. 465. 
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; . S. .Sorites. — Sorites is a i3roa*resis3iv« 

■ reasonmg wliose expression is simBlified livfiiA 

«o. Of the Of oaoh S 

The Sontes is, thus, a series of enthymranes of +i 

first IS of tlie tMrd order as hnf-T> Ha Tn.t.n • * tlie 

■oinoro,th«»4“p^,ilfeZte'”“ T,”?.'”™ «»» »• 

consequently, two fSrs ?f ? There are. 

which the supuZseSL • Arutoiehan, in 

of the folio JnSSC±®^'^^ f ® 
they form the mafor premiss ’ <foo!eman,, in which 

each may be thus given— symbolic expression of 

Aristotelian Sorites — Every S is X 
Every X is Y 
Every Y is Z 
Every Z is P 
**. Every S is P 
Godenian Sorites—Every Z is P 
Every y is Z 
Every X is / 

Every Sis X 
.-. Every S is V 

►gisms!! wflfL^^rthar^ constituent sjl- 

exited conclusxous-^wliicli we 

wmcn we enclose in sauare hrr^r^h.fa 


§ 3 ] 


281 



—form tHe minor, and in the G-oclenian form the 
preniises of tlie succeeding episyllogisms* 

Analysis of Aristotelian Sorites. 

(1) Every X is y (major) 

Every S is X (minor) 

/. [Every S is K] (concl,) 

(2) Every y is Z (major) 

[Eve ry S is K] (minor) 

[Every S is Z] (conci.) 

(3) Every Z is P (major) 

S is Z] (minor) 

Every S is P (eoncl) 

Analysis of Godenian Sorites. 

(1) Every Z is P (major) 

Every y is Z (minor) 

[Every y is P] (ooncL) 

(2) lEvery K is P] (major) 

Every X is K (minor) 


major, 


/, [Every X is P] (oonol.) 
(8) [Every X is P^ (major) 


Ever y S is X (minor) 

Every S is P (concL) 

It is evident tliat the two forms agree in the fact that 
each omitted conclusion is a premise of the following 
syllogism. Now, this advance from previous to conse- 
quent inferences is the characteristic of progressive reason- 
ing; it is, therefore, an error to speak of the Godenian 
Sorites, as some logicians have. done, as a regressive form 
of reasoning. 

Either form of sorites may be ' entirely composed of 
hypothetical propositions. In the Godenian Sorites the 
last premise^ may be categorical, 'and. then' the concluding 
enthymeme is the abridged form of a .'mixed syllogism, in 
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wliich tlie categorical minor ■Dremicjn "k ^ 

aulecedeat, or denies the eoSCient S eo*®™* “« 
oo.*si» of the preoeding p^fZSLfe.Jt 

Tj? sM 17 


1/ c, then D, 
If S, then C, 
If then ISj 

-^} 

TTb, 


^ C, then H, 
"V M, thenC, , 
A, then B. 
Wot D, 

is^t~Ar~ 


• * -hn JCSL, 

In tie Aristotelian Sorites, however +Tio 
only be obtained by addino' to the 
imnor premise, and then regarding thrS- ^ 
of the preceding prosyllogism n® ™pJjed conclusion 
minor premise of the Iast%isjUogi,^^^In’ 
mixed syllogism at the end of a foJf« ^ words, a 

correspond to the Goclenian form fff ’ “ 


If A, then B, 

B, then C, 

C, then B, 
A, 


If A. then B, 
If B, then C, 
If O, then B, 
Hot B, 

B'ot A^ ^ 


Sorites may be^qn?ttd?^^Action AristoteUan 

ness hes; what contains CXes' iwl“ 
the end and aim is what is^hio-Lciof J 

what is highest.* AsaninL^^?! therefore, action is 
posed of hypothetical propos^ons”!^ 
man is avaricious, he is inteS on L ^7®' ‘ any 

he m so intent, he is disconfPTi+xi,q™®^®?^“? wealth ; if 
he is unhappy; therefore if m discontented 

man is unhappy,’ in tb« fell avaricious, that 

mixed hypothetical: *If the so^hkt® is a 

IS active, it has strength • if f+ i* x ’ i if it 

stance; now the S&ks^. 15,?, ^ 

stance.- In all Cse^’ *^® ^ sub- 

pr.m,„,, „ g.. . aSLm' 

* Aristotle,: Poetics, vi. 
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(ii) Special Rules of tlie Sorites. 

(u) The Aristotelian Sorites, In this form of sorites, 
the predicate of the last premise is, in the conclusion, 
affirmed or denied of the first subject, through one or more 
intermediate propositions. Each intermediate term must, 
therefore, be affirmatively predicable of the whole of the 
preceding one, or the chain of connexion is broken. This 
gives us the two following as 

Special Rules of the Aristotelian Sorites 5 

1. Onli^ one jpremise, and that the last, can he. negative, 

2. Only one premise, and that the first, can he par,- 

ticular. 

The necessity of these ^ rules is evident when the sorites 
is analysed into its constituent syllogisms. 

Mule 1. More than one premise cannot be negative ; for, 
as a negative premise in any syllogism necessitates a 
negative conclusion, if more than one premise in the sorites 
were negative, one of the constituent syllogisms would 
contain two negative premises. 

If any premise in the sorites is negative, the conclusion 
must be negative ; therefore, the predicate of the conclusion 
must be distributed in the last premise, of which it is the 
predicate ; that is, the last p^redicate must be negative. 

Mule 2, As every premise except the last must be 
affirmative, it is evident that if any, except the first, w^ere 
particular, it would involve the fallacy of undistributed 
middle. 

(h) The Goclenian Sorites, In this form of sorites the 
piedicate of the first premise -is, in the , conclusion, either 
affirmed, or denied, of the subject of the last, through one 
or more intermediate propositions. ' Each intermediate term 
must, therefore, be affirmed universally of the succeeding 
one, or the necessary connexion will. not be secured. We, 
thus, get the two following as ■ . ^ 

Special Rules of the ©ocleuiau Soifites s , ' ■ 

L Only one premise, and that the first, can he mgatwe. 

2. Only one premise, and. that the Imi,. can^^ bo particular. 
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^consideration of the constituent syUogisms again shows 

the Eecessitj of these rules. ° ^ 

■Ew/e 1. As in the Aristotelian sorites, a plurality of 

negative premises would result in one of the syllomsm^ 
contaimng two negative premises. S-^^uis 

If any premise is negative, the conclusion must be neo'a- 
tivej therefore its predicate must be distributed in the first 
premise, of which it is the predicate ; that is. the first pre- 
mise must be negative. ™ 

Buie 2. If any premise but the last were nartiml!.,- 
the conclusion of the syllogism in which it occurSilld 
also be paiticular, and, as that proposition would be the 
major premise of the succeeding syllogism *we should l-tavo, 
the fallacy of undistributed middll ^ 

The above rules assume, in each case, that the sorites is 
entirely in the First Figure; that is that e^rot 
constituent syllogisms is in that figure. ® 

®taxn ^sw,ing . abridged by tbroSiof of oS 

ofjhe premises of each prosyUogism.” t 

Fach prosyllogism, therefore, appears in the enichelrAine 
Feeh tlie episy^logism is stated S 

prosjnogism furnishes a reason in support of one of 

syuSL to th^frA p is from the epi- 

sy«b«b. 

( 1 ) Bvery M is P, became it is X, 

-finery g is /If, heocmse it is V, 

^'oerySis P. 
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(2) Every M is P, because every A is^ 

„ S is Mt because every B is, 

. . • . Every S is P, ^ ^ ■ ' 

In tlie first case tlie entbymemes expressing the reasons 
are both of the first order, the suppressed major premises 
being Every X is P, and Every Y is M- In the second case^ 
both the entliymemes are of the second order, the implied 
minor premises being Every M is A, and Every S is S. Of 
course, both need not be of the same order* If we leave 
out one of the reasons in either of the aboTe examples we 
have a single epicheirema. . 

We will now illustrate what has been said’ by material 
examples of the two forms of double epicheirema giren 
above.' ' 

(1) * All unnecessary duties on imports are impolitic, 

as they impede the trade of the country ; the 
American protective duties are unnecessary, as 
they support industries which are quite able to 
stand alone; therefore, the American protective 
tariff is impolitic.* 

(2) *All Malays are cruel, because all savages are ; ail 

the aboriginal inhabitants of Singapore are 
Malays, because all the natives of that part of 
Asia are ; therefore, all the natives of Singapore 
are cruel.* 





OHAPTEE XKIV. 


FUNCTION’S OF THE 


SYLLOaiSM. 


BTOiption of a particular cale undOT a 

words, every deductive infereuce mu«?? 
element. This necessity has beenSed ht 
of whom Mill may be Len as repSS 
All inference is from mrticnlqvo 4 -^ • ®™^tive. He says : 
propositions are merely registers nf o Pf : General 

made, and short SJaf £ ^ 

premise of a sylloS boLeone^?‘“^ The major 

description .- and the conclusion is not£^ of this 

from tile formula, but an infApL. 

the formula: the real logical ant^Snt£“ to 

tlie particulai’ facts from p^^omise, being 

was collected by induction ^ Proposition 

passage that the ‘Civeml ^ J^^ter 

IS ** resolvable in all cases 

Certain individuals have a given S^ihut^"^ elements: 

lintes; therefore they 

attribute.”s ^ resemble them also in the given 

enrofpSSratoSer™T^^?^-^''°“' 

reasoning is fairly descriS KS®'"' f 

above from Mill, though we sentence quoted 

It IS the “imiversaltyTlo7 thr£a^®“^’' ^ 

guments are often :^oious process.” Such ar- 

on what do they redly re^p’ <>^ey are valid, 

.w i. 0. L p4“':.»r.TSarS 
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elemeni It is aot fmm the concrete case in ail its aspects 
- “tliat is, as a |>articnlar“--”t]i,at the conclusion is drawn, 
but only from this point of identity wMch relates that case 
to the new one. And such a common bond is what is 
meant by a universal. Similarity implies such identity amid 
some diversity. When we conclude from one case to other 
cases similar to it, it is the identity, not the difeence, 
winch carries our thought from the one to the other. 

evident upon a careful examination of an example 
Mill himself gives : It is not only the village matron, wh o, 
when called to a consultation upon the case of a neighbour’s 
child, pronouiices on the evil and its remedy simply on the 
recollection and authority of what she accounts the similar 
case of her Lucy.”^ But why does she account it asimilar 
case r Is it not because she regards the symptoms 
observed in both cases as marks of the presence of one and 
the disease ? But if so, she is reasoning, not from 
iier Jjiicy as an individual but, from the universal con- 
nexion between a certain disease and the symptoms Buej 
exhibited in her sickness ; and thence she infers that the 
lemedies which proved efficacious in that case will prove 
equally beneficial. And she will be ready if need arises to 
make this inference, not only in this new case of the neigh- 
hour s child but, in all similar cases which may be brought 
under her notice. Though, then, she may never have 
lorinulated her belief in a generalised statement, yet she 
thinks it implicitly as a universal, and shows her thought 
by her readiness to act. ■ 

Thus, even in cases where, the inference at first sight 
saeins to be founded on one or more, particular experiences, 
it IS really based on the recognition of the universal ele- 
ment in which they agree ; and this may be expressed .in a 
general proposition which forms the major premise of a 
syllogism. 

2. VaHdity of SyUogistic aeasoningf.— Hot only has 

tile tsyUogjstie process been asserted to be Taiueless, but 
Its very validity has been frequently denied, on the ground 
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that it inTolves the fallacy of ’Detiffn „ 

speaking, this should mean that the cSS of 
syllogism IS itself assumed as one of the ^ 

move loosely, it is held to imply thl So 
suppose the truth of the conclusim premises pm, 

be used to establish it. S Zni therefore, 

the third century, by Sextus Empiricus 
major premise must result from a comnieto ^ 
instance which can come under it a^d ® 

aed»» „ Mivida,d toToS •« 

argue m a circle. The same aro-umw^if'^ principle is to 
by the empiricist school generalfy Th^ \n?r 
must be granted that in every sSo<.km coSf ■’ “ 
arg^ent to prove the concliisioi there is T ® 

mpu; . . that no reasoning frorn grSer^s to t f- 
can, as such, prove anything^ since frZ » «! particdars 
pie we cannot infer aiy SiSs D ti® 
pnnciple itself assumes as known which the 
to argue, as we have seen fhai i • 1 pi'oceeds 

particulars to particulars, and that the^Lp^®^®^®® 

objection to a, sjSS,*“SfS' S'/'W »* »» 

our examination of thf ^ denied. But in 

this was not so and fi J^^gment we saw that 

which establishes a necessai^ analysis ot content 

the obiection fa.11« to attributes. So 

. -1. Indeed it is itself a 

umversal judgment originates 

it open to the charge, 

even 

totahty of instances wMch 
aed-, or are, ■ indeed, ,hnown. "' ' 
u- are^syllogisticallj apnlieci 
3S and satellites without a 
Similarly, tbe 
was held to be 


Lue oDjection falls to the ground. 
Jret^o, as it assumes that the un;- 
could lay 

MdSt^ ^ propositio/ is 

^ ^ necessary, before the 
come under it have been exami] 

For mstanoe, the laws ol 
to ^ newly discovered 

‘^flw.Bookn.,Oh. iii., SZ 
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m certain, that when the observed orbit of the planet 
Uranus appeared to violate it, the existence of a disturbing 

^ syllogistic inference requires the combination 
involvta objection we are considering 

saiy. If, when you have admitted the major premise 
you have asserted the conclusion, the minor prLiM fs 

minor fSe is 

ferauted, and this necessity is a proof that such^ an infer- 

IB not a, jpetlho prinGi2)ii, 

If the syllogism were really open to the charge of veiitio 
pnncipii, It would, of course, follow that no advance^eould 
be made in knowledge by its means. But the objection 
springs from a too objective view of logic: from neglect- 
<^ifferene6 between what is in the 

tW "tS® what we hmw to he in 

them. Inference cannot, of course, give us more than 
alr^dy exists in the world, but it may help us to see and 
understand more. It is, indeed, our imperfect knowledge 
which makes inference of new truths possible. Were our 
knowledge complete, all tniths would lie open before tis 
and such inference would be both unneoessaiy and impos- 

tanrwithlS irS conclusion is. in fact, concomi- 

mnt with that of the premises from wMeh we deduce if * 

it does not succeed them, though our per^ptiSTf it 

may follow our perception of them. ^ ^ 

If o|>jfGtors to the syllogism deny the fact 

it IS certainly possible to acscept the premises without 

deducmg the conclusion. The sbortnesi of the syES 
process, and the triteness of the examples of it oommonlv 
given, disguise this possibility, and give plausibility to 
the as^rtion that no advance in knowLige is really made 
bjr syllogism. But, because, as statements of fact, thepre- 

“S^SvS wS““Ti: means follows that 

_ in studying how to draw the conclusion, we farel studv- 

mg to know what we knew before. AH the propositiom 
of pure ^metiy, which multiply bo fast that^it ?s only a 
smaUand isolated class even among mathematicians /ho 

19 
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know aU that has been done in that science, are certainlv 
contained m, that is necessarily deducible from, a verv W 
simple notions. But io be hnown from these premiss is 
very different from being Imown with them Another 
form of the ^sertion is that consequences are virtmllv 
contained m the i;reimses, or (I suppose) as os con 
toed m the premses. Persons not spoUed by sophist^ 
will smile when they are told that knowing two strS 

imrt, ete.— they as good as know that the three intersec- 
taons of opposite sides of _ a hexagon inscribed in a circle 
must be m the same straight hue. Many of my readers 
now for the first time; it wiU comfort them 
much to be assured, on many high authorities, that thev 
virtually knew it ever since their childhood. They can 
now ponder upon the distinction, as to the state of ^their 

to imL ? ^ fycMogical, not a logical, obj^! 

tion. A proof does not cease to be a proof because it in 
thoroughly familiar to any individual mind. The conclu 

re's to r Mere 

loot upon 

dedurWiAfe^ syUogism as an analysis of the mode of 
deductive inference, and as such an analysis it makes ex 

draZg of TlTto^: 
Birf’ M ®i° superficial observation. 

f last section, in all deductive in- 
m^ to fl 1 ^ ^ apphcation of a universal judg- 

1 IS essentially not a mere summation of 
* De Morgan, jPomoJ Logic, pp. 44-45. 
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ob^rved instences ; the minor is a necessary part of everv 
possible to accept the premises without 
diawmg the conclusion, and hence to make progress in 

ence^dmpr,^^ and the fact of infer- 

Sty!^ “0* oa ite 

shfwn^w^r??® Syllogistic Beasoning—Having 
to eTiqiSre Whfther'^^ ^ syllogism, we have now 

inference Thk L!f h mediate 

logSs.' "‘’■'’“S’y ’^‘’^erted by many 

fhnP ^ t|'ese claims it has been pointed out 

that the syllogism deals only with proposiS wWh 
express the relation of subiert and attSI . % « i 
mtonce, to™ riS Sgffltflri S 

fee, tly valid, not only are not made svlIo^dSlv 

caiiiiot lie satisfactorily expressed in 

iTirr ?L7'"rT 

fttAw7r 1 >4 IS greater than C. Various 

attopts have been made to express such arguments sX 
gistically, the most successful of which is MfnseS ^ 

* ^ a greater than C is greater 

“ ^ is greater than a greater than C, 

“ Therefore, A is greater than C" 

premises, wS^i^uXSore. fxTresXthTXle 

we^n^® a L^TlA^ r inferences, 

we n w a hogio of Melaiives which “ shall take acpoim+ 

of relations generally, instimd of those merely which am 

mdica^ by tlio ordinary logical copula ‘is’^’» Such a 

log«. ta ..w ta„ wmU J, ^,ii^ 
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- attempt to coHstruct a 

Logie of Eelatires seems . . . altogether Louelesaw* 
to the extreme vagueness and generditv of thm 
of a Eelation.” ' Mr. Bradley, howeTOr Si ? 
relations, which though it “ dws nSoMtef d 1 1^®* 
plf." i. jet p,oI»&, tte b “t S.Sitbfch'Z; 
yet been put forward. He calls them “prindnW t® 
ference, and enumerates five ^ 

“ (1) Syvthem of Subject and Attribute. Under this all 
syUogistic inferences can be brought “ 

“(2) Syn^^ie of Identity. Where one term has oua 
and the name point in common with two or more 
teims, there these others have the same noint 

f • • • as ‘ If /! is the brother oTs^and 

“ (B) Syritheme of Degree. When one term does bv 
virtue of one and the same point inE 

See ^ \?.T- .f® also related in 

comes under this head.^^® o.rgumenhm 'a fortiori 

Syntheses of Time arid Space. When one and 
the same tem stands to two or more Ser terms 
7 relation of time or space, there we must 
^ r^Uon .1 ti„ or tpai bott^ E 
oteers. Emmpl^; ‘A is north of B and B west 
SfSe^K'''^ f south-east of A M is a day 
3tf; /.^f,^t®“Porary with 0, therefore G a 

be’^SfS ® ““J- 

syllogistic. But it fajt that they are not 

Of a speml case under a general principle, 
oonmte and abstract relations, such 



that the mere combination of the given elements reveals the 
whole system. A is north of B and 0 is an eqnal 
distance east of S we know that /I is north-east of (7 by 
the mere ep,mination of these given relations. To put it 
mto syUogiBtio form would be both misleading and absurd. 
1 he abstract relations of north and east are not, therefore, 
the implied major premises of the arguments. 

Oi course, the recognition of the validity of such in- 
teren^s does not mean the rejection of the syllosism but 

“tC discorer Leibiiz says : 

fnf nr,^ TV* syllogism IS One of the most beauti- 

M and greatest ever made by the human mind; it is a 
mathematic whose importance is not 
uSZn^ know and are able to 

nothing can be more important than the art of formal 

argiimeiifcatioii according to true logic/' ^ 

4. Syllogistic Fallacies* 

(i) Alistract* — ^Violation of anj of tlie fimdamental 

rul^ of syllomsms may be either open, or hidden by the 
°* 1“ the former case we ^have 

crete syllo^stio fallwies. The former we have already 
dealt with in coMexion with onr consideration of the rules 
of syllogism.’ They take one of the three forms— 

(а) Undistributed Middle. 

(б) Illicit Process of the Major Term. 

(c) Illicit Process of the Minor Term, 

It is sufficient here to add to what was there said that 
there are all at ^tom instances of the most general svllo- 

rh*'’ ^distributed 

middle IS formally equivalent to having two distirS 
middle teniis, for there is no assurance that the reference 
s m both cases to the same part of the denotation of that 
term, and we cannot, therefore, assume in that 

it IS so. _ Similarly,^ if illicit process, either of tho maior or 
of the mmor term, is committed, we have again four terms 

17,5 4. »8«,r.„ 
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syUogism, for tie extreme term wLiVT. • 
;micitly distributed in the conclusion is dil^nli«^-f 
reference from the coiTesponding extreme term containp/l 
m the premises. In every case of syllogistic fallacv thfrf 
fore, the apparent syllogism is reaUy a ‘logical quadra^4> 

(ii) Concrete,— Not different in tLe i? 

ambiguities of language which TO h^e «Wo^ ^^^ 

lead to such sylloeistic fallaevwliaT, , , 

th». a L'SS5,tr.^Tifir T- 

gnitj IS most frequently found in fliA I 

this is not always the case. The fallacv of 
or dmsion, for instance, is ^enerallvSt!^ f composition 

^ See Chapters VI, X 





CHAPTER XX?. 


aENEEAL NAUJEK OE INDtjrCTION'. 

1. Basis and Aim of Induction. — ^As an instrument 
ot tliouglit the syllogism is restricted in its scope. It 
endeavours to secure the consistency of its conclusion with 
tJie j^remises from which it is derived. Whether the 
premises are true or false is immaterial to its formal 
validity. As soon as any serious investigation of experi- 
em» IS undertaken its inadequacy to express the course 
which thought actually takes in the attaimnent of truth 
becomes obvious. If we suppose the principles themselves 
to be questioned, or if thought is concerned about matters 
on which no recognised principles have been formnlated 
am seeks to find them, the syllogism affords no test by 
which to establish or reject such propositions. Now the 
first condition of scientific thought is that it is throughout 
pbject to the control of fact. The fact may be an went 
m flie outer world attested by observation or by testimony, 
or It may be an occurrence in the mind, or a relation found 
to obtain in the actual world. But everywhere the appeal 
IS to fact. And this appeal the formal process of the 
syUogism is powerless to make. This does not imply that 
the syllogism is discarded; it forms, as we shall see, an 
integral part of inductive enquiry besides having a value 
of its own m the setting forth of proofs. 

‘ Induction ’ in this sense indudes the whole method by 
which modern science attains to knowledge. Xts aim is to 
arrive at universal propositions which as expressions of 
toe esrential diaractor of phenomena are known as laws. 
Ihus in political economy we have the law of 
retnms which states that after a certain point is reached 
other things remaining the ssime, tlia returns to successive 
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applications of labour and capital to any portir*^ i , 
■will continuously diminisb; m physics^ 1,^°^ ^ 
law that tie yolume of a L yS W. 

pr^sure to -wHch it is subject at a fixed tempSltm^ 
ISTowit IS obYious tliat neither of fhoQo P^^^ature. 
of direct experience. Por we do not Irnow 
particular portions, nor gas except i^ ite Setief^J “ 
tten can we make statements about land ni- 
Consider the case of a farmer win >.<f= y ^ gas m general ?■ 
valio. ot . eeilain MdS jSLi'ri'? 
capital expended on it is brin^iLo- in a labour and 
return year by year. THs Proportionate 

ticnlar place at a particular time^ As a ret^or J ff ^ 
a matter of history: a narrative of wTiaf Hierelj 

past. TethewmnotSSitso 
penence as a guide to his treatment of 
farm. In other words he will rou^hlv o-ar. ft® 

itself was unique. And the uolitf-ftf^ g^^^rahse what in 
Mth such instlces, -wiU fomSe £ econoimst, meeting 
pater exactness iito a k™ 

law confidently to interpi^t ecoSc 

and to shape a policy for the futurS ^ 

procedure ?^*Kret*of alT™hUe°tb^^'*^-™^®^^’® 

iudividual and therefore ^difflS SoJ 
It neyertheless resulte W 

which it would not have been conditions mthout 

conditions depend the snec^l fLi ’ of these 

stance, the diminished ratio of “■ 

penditnre. Other assets ^e for ^ 

and if the conditionsof thoL nrd^ timobeing neglected, 
exactly determined, we 

conditions reenr another Snce^of+iT^^T®'' 

be found. The statiit of tt^.f phenomena wiU 

abstract, for it simpS aSerteM»+ 

determinate result wUl follAw they occur a 

The particniar is thus ^ 
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ttought. The extension to cases that hare not been 
investigated IS justified by an appeal to the principles of 
.aiisation and of the nmty of nature. These two principles 
are the pre-suppositions of all induction.* • ^ 

' particular; it 

1 be observer however careful 

I lie may be. His observations must be guided and inter- 

f thought,^ reasoned con- 

jeotimes, and by an ever fresh scrutiny of the relevant facts. 

Ratt%n more natural way of making a generaU- 

tL instances in which 

dieted frequency to its universal prevalence. The armment 

SJcTthatUirr® 60 od il every 

f ! , “f continue to hold 

good in all further examples of the same kind. 

Aristotle drew attention to this process of seeHne- tt,r> 
umvorsa on the basis of a aarefu^I enumeraC and tx! 
piessed the comiitions wliich it must fulfil if it i.s to be 
of any value. He also set forth its relation to the doctrine 

bile f/f “i ^ e^^ample the absent of 

ioug-lived animals, he exhibited the in- 
duction as a syllogism in Figure III. 

Man, horse, mule, etc., are long-lived. 

Man, horse, mule, etc., are bileless. 

.•. iiileless animals are long-lived. 

Now this is fonnally invalid unless the class of bileless 
animals is co-extensive with the animals enumerated in 
the subject of the minor premise ; so that the term ‘ bile- 
less may be read as ‘all bileless animals.’ thus makit 
possible the simple conversion of the minor. For Aristotle 
such a complete enumeration was quite feasible sinM in 

always posSe S 

name the sp^ies of a genus ; and man, horse, mule etc 
are not individual things but species of the genus m£l 
Ills aimlysis, ther^ore, shows that he did not mgS^he 


^ Bm mxt &h&pter. 
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Later logieians tended to subordinaffi *->*• 
ment in tbe doctrine of Aristotle to that J o 
Il«» ™ a, di,tmetio« tetwe» . 
m wbicb tbe subject is known to be a eomnlAf 
tion of tbe denotation of tbe predict 

tS ss 

JpaSSty’Z^ “rSif 'I' 

inclusion merely states in a more fonSenfform w 
bas l^en already expressed in tbe premises 'n 
ol lie b<K,l„ ^ged on . cSTek lS>y 

.are bound in red / J 

.1 f 

rSZeS* .“ot 

i^oraiation they convey / ^ summary 

a .-oienl, 

vestigation. and if tKiSSn^" “’ 

any inference based on it is more ^ i complete, then 
always Hable to be Zrtbrown Z T and is 

“ That induction wMch proceeds bv simT"^ Pomted out: 
a puerile thing, and concbider.^n « enumeration is 

to danger from any contradictnrTf^'^T^^’ exposed 

most part pronounces from f awot.^* for tbe 

and of tbele only W eugbt, 

we am ever entitlS S safs^+r ^t“ost 

at its best is that certain “method 

We can never conclude tbat^e/!,^^^® ^7^® are. 

most there is a proSSl wT- n At 
^punt to practical certain^ tb^ST,f “ay 


amount to practical certain^ tbA^+ ^^ortain cases maj 
^ be maW in ^e expectation aroused 

observation. Some Se™ ™der 

bon mmit. tonnd fi, a, ^Ui„k““t£Z'S“S 
^ UTovum Orj/anon, Bk. I., p. 105 . 
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anaks^™ ®™noe enumeration is always subordinate to 

Now the data of experience are concrete, and as concrete, 
excee^ngly complex. Thought Msumes that each element 
in this complexity is the necessaiy expression of universal 
Jaw so tliat every particular is, as it were, the centre of 
universals. To discover any one of them it is 
necessary to isolate it from the rest in thought; to create, 
as It has been expressed, a bind of void around it so that 

ms v Srw irrelevant to U. These details 

may bo different in eveiy instance of the phenomena, and 
it m only wlicn they are set aside that the essential con- 

OonscOTentT^toi ® become apparent. 

IPfC nf +1 P 5 «=®ss >7 which we reach the know- 

ledgo of the exact form of any law of relation is one of 

opportunities for 

iirS ]' ■ ii ^oj*>'i;ons as we conceive them in thought may 
noi Ijl tlie reMmm whicli actmallj hold. Then sooner 

or later, we come to contradiction in our exokaSs 
Setton.*^^ necessity for a revision of our mental con- 

^ advantage of a 

pluiahty of mstances is found. The form of any universal 
law 18 often more clearly and easfly seen when (mmiJrison 
»!on known, or believed, to exemplify it 

to ipK ^ ^ disr^ard the unessential elemrats 

^rticular. It is here that numherS 
msten^s has a place m induction. They assist us in 
^alysmg the conditions of the given, but it is from tLS 

iXrlupp^’ T “Stances as such, that the 

twTto f conihtions can be exactly aseer- 

tained in a single mstaiic»-~as m the case of man? chemi-. 
ml eiperiments-^-then no plurality of instances is needeii"' 
mless, indeed, tli6» is some doubt as to the acenmer of 
the exponment, when, of course, its repetition amr be 
neceswry to remove that doubt. The only cases ir^hioh 
an inferen(» is made from number of instenceras sS £ 
when It IS impossiblo^at any rate for the tK£:to 
tarn the conditions of the phenomenon in question ; and 


gbiteiral nature oe induction 


[CH. 25 


^ of pro- 

We see then tliat the aim of induction i<! W™.i„ r , 

uniyersaJ laws : that such laws are abstract 
reahty only presents us with them encumbwed 
traneous detail j that, consequently, we caiTrSchdlT*^ ®f ' 
by an analysis of facts, and in this an^v^t 
of instances may be helpful but is not eaSnfLl-'^LTT 

the form in wM 

»»ss S » 

j«*u» . i. wteco.- 

faots mgaifioaati. or in other words 
a supposition is caUed a hynothesis “l 

accepted it must be subiectS to a ft '^re 

the light not only of examination in 

expkil,burioof 5 ““ to 

related to them, indeed the wHch seems 

out consists in the framing nf ^ through- 

nomena given in 6mftTiATi£» ^JP^^heses to explain phe- 

hypotheses by consS appe^ to fits'" 
examination and verificat^ i Process of 

original hypothesis stands as t^® 

cases it ^ be reiS o,!^f -T!* conceived. In many 

pruned and re-faslnoned until^it*!™' .^t 'wiH he 

^len^^ a^^Sf |rLrSpSt 

«.? procoM nrdnlr h ^t£ ol 


* Oh. 33. 
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direct, tlie otlier indirect. Tlie causal relation maj be sucb 
that tbe sequence lies open to ', observation, or tbe cause 
inaj so far admit of . manipulation as to be controlled bj 
exj>eriii},ent. Then tbe bebaviour of tbe cause in relation' 
to tbe effect can be watched to -.some extent directly. It 
is here that tbe methods associated with tbC' name of Mill 
have their chief importance.^ They aU aim at exhibiting 
to observation a simple causal sequence' by means of a 
uefiiiite variation of accompanying circumstances. ■ 

On tbe other band tbe indirect method makes use of de- 
duction. When a hypothesis has been formed its conse- 
quences are inferred. These are then compared with the 
phenomena under investigation to see if there is agreement 
between the two. Such agreement is the minimum test to 
be satisfied if the hypothesis is to ho acc(3pted as the state- 
ment of a real clausal relation. Ibis method may be used 
as well as^ the direct method in those cases where, though 
I ho cause is of such a nature as to make experiment impos- 
sible, neyertheless the causal sequence is open to observa- 
tion amid diverse surroimdings. But its special sphere 
is found where the direct methods of observation and 
experiment are inapplicable. The causal relation is often 
hidden from view, and then there is no other resource hut 
to devise a hypothesis which, by the consequences it neces- 
sitates, explains the facts as they are. This method, then 
is necessarily used where we are Compelled to start from 
certain given effects, and from them infer the causes, be- 
cause direct observation of the causal sequence is then impos- 
sible. This is well illustrated m the explanation of present- 
day geological phenomena by the geologist; or in the 
causes assigned by the historian for the growth of an 
institution such as Barliament. Indeed geology, history 
and the social sciences are almost entirely dependent on 
the indirect method as a method of investigation. 

The essence of the method of induction is clearly put hy 
De Morgan: “Modem discoveries have not teen made 
by large collections of facts with subsequent discussion, 
separation, and resulting deduction of a truth thus ren- 


' Seo Ck 31. 
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f^red perceptible. A few facts hare y 

iAms, wlucli means a supposition proper^ 

The necessarj results of this suubaqiKaf, ®^plaia them. 

a^d then, a/d not tUl then^Se^fc^a^ 

see if these ulterior results are .^'^e examined to 

trial of the hypothesis isX iSaZ^if The 

hypotheses m^t have been s'tarted no+^i 

that sagaeify of which no descrmtinr, ^7 ™le, but by 

cisely because the veiy o^errof ft w t 

perceptible to themselves. The inventor 

pressed to explain his method must ^JPotheses, if 

Colburn, when asked for C mol didZerah 

oulation. ^ien the poor boy had been 

toe m this manner, he cried out hi f ^ ®°“® 

into my head, and I can’t uut it^- 1 P’^t it 

hypotheses, rightly worked W. * wrong 

^irrr. »•« «■» »»- 

fi; A first observation of facts. 

‘ bj .K, 

XoaS”” ■’* « thi. 

exact formu^tion^ +i^“? *^®i consequent 

ton, as™SL Jio 5® 4ich 

of r4utv, Krififd ?ud “^toe 

lished tlJ^iy ok law. ^ as an estab- 

* £tidffe( of Paradoxes, pp. 5g.g8; 
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So farastliesjstem 

fiiorSl, W means of inductiye mfienee 

tnl begins with particulars 

nnirSi . 1 The ^WcH is exem- 

saSiind mi « extended to cover all cases of the 
fl ’ P^f future. The statement “ this 
1 geuerahsed into “ fire burns,” and 
met with we are confident that its 
^tb! x right havewe to afidrm 

efao p g^uund of past experience that such will he the 
^eP„ How^ ^n we know that the fire that is kteaM 
te-morrow will not cool instead of scorch the hand that is 

wiA^Tv" aot burst into fiercer flame as 

water IS poured upon itP The answer is that if such 

organisation of experience could 
mt be attempt^, so life would be impossible. Science 

rtat^bnvA T”* ^®^®tration of phenomena 

vaMut ef ® obsepation, and denies that the 

yaJidity of the principles it discovers is restricted to the 
^ses from which they were drawn. It grants that all the 
instances cannot be examined, but it asserts that this need 

“‘™ ■ 

position rests on two assumptions, (i) that 
tberetere uniform, (H) that eraiy 
V ®®'«®®-f,.T 5 ^itiout these assumptions no 
iuowled^ pf reality could be establish J. They 
of induction, and because of their funda. 
mental importance they must be considered at length 
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2, Fnity of ISTatiire. — We can tliinir 
as a system which remains identical with 
as a whole, does not change. At the sama « ’ 
that there are unceasing changes in tho taI + taow 
its parts, These, then: musfbe 
and determined by the nature of thSle ^ Thr®®i*ated 
for example, is of sucii a nature fhaf di * •7^®. TOiverse, 
attract each other directly as theiV tn bodies 

»» w of tt* dScT “ 

were different, the changes within it ^ as a whole 
the facts, for instance, which now exen^rf Hu = 

gravitetion would beatleast partly ch3^H.f^ of 
cease to east. Similarly if the natee oHll’ , 
diffepit m one place from what it is i« ^iverse were 
relations which hold in one nlacA ^“'.^^other, then the 
hold in another. The“pSe Stht 

China and soar to t^flg to gm “ 

then to connive nature as a unity which d!C 
relation, and consequently every chan 
a way that those relations hold trae a-£H^ relation, in such 
of all identical facts In othfirwA always 

implies that of unffomity. the idea of unity 

neith!r'SMlt*tof^t'^irwrqSrH*H?™^^^^ 

would be no guarantee that it m thought. There 

a semceable®4j:rSlt ®o7to^^^^^ *°-^"^“to 

quahties of pulp,toc)r that fh! ^ to-moraow possess the 
on the stability of the present in reliance 

materials would ever be l^uilt EachH/^ 7 P^opo®®^ 

non would teU of notW but itseK P^®“- 

with confidence from one to a-nAtUo’ cotod never pass 

ahead, never gather from esneriPTrA^’ Pinn a moment 
.relations, since no neeessarv?plpt^°^ ^ system of universal 
lence would iien be IHeS SdtH ' ^P®- 

Jchanceresemblan^ Uniform^ H tif of novelt%r 
UouWhich ®^iwSS?ert:^^^^^^ 

pmeiple of ntefoSfy ifderiidH^ 

^eno« in sensuous^ e:?^^ Tom tif 
of similar foots to is^fS 
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: ■ ■ tTHITt O#' KiiTOBE. 

” observation gave us nothing but 

vinstances of umfornuty. How this-is exactly what obser- 

him that^hr,)'^''’ consciousness assures 

inm that ho does not always expect imiformity in tho 

rot on]vf/-r*®--; •• - ^ iiature,in teuth, is" 

m«iTir« infinitely various. Some pheno- 

ti»n« t, ^ W same combina- 

«CJi we met with them at firat, others seem 

Itogetlier capricious; while some, which we had been 
regard as bound down exclusively to a parti- 
cular set of combinations, we unexpectedly find detached 
them c"mf * 1^' elements with which we had hitherto found 
Ss riS‘" pf quite a contrary 

3nulti£ iii“^ “ nature IS thus at once uniform and 
senS to ?<. 1 Phenomena which she pre- 

tb^^f ™ni?f observation, it seems obvious that the idea, i 
< t multiformity is after all only appareut and that if wb ■ 

2”T. ■XfTV'f 0“<' ' 

in this sense could only give us 

fis-ijii IS within us, not outside us,”* and we have no 

expieoting will actually come to pass. There would be no 

Sture^na"hmmr^^ <Msposition represented the course 
not bf^lTr a, system of objective knowledge could 

not be built up on so slender a foundation. ^ 

objection thaTh ®P®“ the further 

SfS'w mm,rir™I 

’ Mill, ioyic, Bk, III., C 3 i. iii., §2. 

Uiard, Za Zogigue, p. 157, 
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unsatisfactory, and a principle tliat owed all x 

Jt coidd not offer a fiii basfs for rigKentifio S 

l^ecogeacyof aoiysucb enumeratiS^^^ 

{bj the enstence of feoTm iastajices to tbf contS S 

^contradicted unSS 

It IS true that the apparent chaos Tanishes 1 
investigation. “ But it is just this ‘inteiroSiKh^ff ' 

to be accounted for* it is oulvn-nA-n tnat nas 

fomity that we make the interr^atii. Tow STtSs’S' 
if the supposition is only derivol frnrr, fiTT H 

uniformity, an observSion wStSu^nolT"*^^^ 

rogation ? P^^es^ipposes the inter- 

ration of facts. XTtt a ^ 

with every man, on which he bom ready-made 

acts. If it were ZmS 5,1™^ '''■ ^consciously 
8tition“<muId not have arisen and the 

KHefs w6uld have been diS^fwJvL \7 woLT^® 
been impossible to evTmi»+ +t,o '^o^cju tt would have 

certL that even^at a 

way in which + tborough-gomg constancy of the 

ariLno7S W atm ^ «o bW to 

bdief ; nor would the ^ and not a popular 

demons and gods lesnensiiif f “ia,]m capricious powers, 

)itS‘tak"SL”2“T*^-iia*p?!s‘ “ 

f life itself, even in its broome conscious of it. Indeed 

on without it When we form, could not go 

IE. When we make it explicit we pass from 

* Cf. pp. 297-299. J Gre™ P*.7 w i 

^ Logic. Eng. n" P- 
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experience as felt to experience as tionght. We then 
recognise that in any valid generalisation from the obser- 
vation of particular facts there is an implicit assumption 
0 umfomiity, ami that knowledge, which is constituted on 
tfae basis of such generalisations, stands or falls with its 
truth. Since the belief that any particular sequence is 
umfonn involves the general winciple, the claim that the 
principle itself arises from the repetition of particular 
uniformities cannot be accepted..- 

teome abundantly clear from our discussion that 
the principle of uniformity originates in the attempt to 
systematise experience, There is, of course, a unity m the 
experience of each individual which follows from the fact 

for *J*tl^* practical lifo cannot be carried 

far without the necessity arising for a different kind of 

*^1* + 1 i'iip'’rlant tor the purposes of action to know 

what relafioiis hold in the real world, and so the individual 
IS wMpeLed to orpnise parts, at any rate, of his experience- 
tor ex. unple, the hunter acta on certain practical generali 
sations which so far unify the facts revive to tKa" 
as to enable him when acting on them to bring down his 
prey with greater certainty than he could without them 
However simple and imMrfect these generalisations mav 
be, they are formed and acted on with the imderivinn 
assumpbon that nature is so far constant that in similar 
oiroumstanOTs the same measures will bring about the 
same results. ^ ® 

It IS the same when the experiences which are organised 
cover a wider and yet wider range of reality ; and wwS 
TOuception IS reached of a system of knowledge in vrfiich 
the world shdl be known as a totality, with a thorough 
going mterrolation of parts, it is seen that it caiinot^L 
constituted except on the supposition that unifonnity can 
everywhere taken for granted. The point of view^s 
no longer that of the individual seeking with more or 
loss completeness to reduce bis personal experienci to 

exrerienre “ Unifying ah 

oxpenenre. It i_s now nature as a whole which is dealt 

with, and the unifonnity demanded no longer applies onlv 
within a narrow department of fact: it must be opmatiS 
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throughout the uuirerse which we attempt to exulai« 
^ development of the redu^iL^f 
mdipdual experience to a unity, and is meant t™ ^ 
the truth that if we set before om-seW aT tl!! 
induction the explanation of all expSce tL^^lf ™ 
rahsation, that aim cannot be realised without tafinf 
uniformity of nature as a necessaiy posSte ^ 

jm^m ™at*^efeTr^theS^s°Sntitf of Sndh^^^ Principle 
I similar phenomena will be fdiffid;“ forever foi^x^^^f^ 

must be carefully distinguished from tliof'-mir- 
uniformity on r^semEo m; i ^ 
it “that the Sn 4 S wffl beSla^CtT 
the future wiU reZS Sie w' l" 

assumption that the future wiU rLemble 

B-o right to malrft the past we have 

‘‘The'fuC^t^s SZJ ZLhTbT^^ i*- 

the past (in the ordinZ 801,^0^ V exc^dingly unlike 
violation of the SZ the words) without any 

understood Tf tw ^ /“-ductive reasoning, rightly ) 

uniformity of naZe doJs the 

ence ProhaW^^^*- ®f luonotony of experi- 

surrounding circuiMtam^R wV any rate in 

viduality. Yet this Hoo ’ gives the event its indi- 
the variZSpZ examining 

conditions which underWi!*® discover the identity of 

thunderstoZ aZlS ®°““?^>tures. TTo’Wo 

th^er depends^ on which the.] 

Wn wfu^^hnSu^^ll '*'1- 

baais, f^ 

Bk. nx, Ck iiL, g 2 . a Qp ^ ^ 282-283. 
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of isolated plienomena we caa draw no safe conclusions 
at aiij time. Tlie argument from resemblance falls sKrt 
of proof; tliere must be, as, we hmo said, identity of 

txmclitions. ■' 

Hor would it be correct to accept uniformities, but 
reject the unity of nature. To do so would be to abandon 
the |X)ssp}ility of knowledge. . Ho doubt we do seek to find 
fiticii uniformities and to express them as laws of nature, 
xet we do not rest satisfied-with a series of independent 
sequences ; we^ hold that the Tariety wMcli appears to 
obnervation is Just as much a part uf the total system of 
the^ universe as ai'e the instances of uniformity, and that 
It 38 equally as neeassary. To bring the uniformities 
together we endea-TOur to show that they are parts of the 
one gystom of nature within which they are inter-related. 
Ihese considerations lead us to prefer to speak of the 
unity mther than the < uniformity ’ of nature as the 
post.ulate of mdiiction. 

(iii) Scope of the Principle. — The importance of this 
tundamentai principle to the organisation of knowledge 
IB well expressed by Mach. He says: -In the infinite 
variety of nature many ordinary events occur j while others 
appear uncommon, perplexing, astonishing, or even con- 
tiudictory to the ordinary run of things. As long as this 
IS the case we do not possess a well-settled and unitarv 
conception of nature. Thence is imposed the task of 
everywhere seeking out in the iaturai phenomena those 
elements that are the same, and that amid all muitiplicitv 
are aver present. By this means, on the one hand, the 
most ««)3iomical and briefest description and communica- 
tioa are rendered^ possible ; and on the other, when once a 
person has acqmi^ the skid of recognising these per- 


to a comprehemive, compact, consident, md facile concept 
hon of the facia. ^ When once wo have reached the point 
whore we are everywhere able to detect the mme few 
simple elements, combining in tlie ordinary manner, then 
they appear to us as things that are familiar : we are no 
longer smpnsod, there is nothing new or strange to ns in 
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the piienomena, we feel at home wifh 4 .%. 
perplex us, thej are explained.” ^ ^ huger 

/? As tlie expression of the ^oiind of a]] n 
/ general postulate lies at thf root 5 f?/ tWs 

I as of an formulation of law as 

under a genus inTolTes tliat different ^P^t^ies 

parteke in the same general nS t 1?,®® *^ings 
di^inguished from each other hv oL ^^5 are 

differences. Unless the^e 4^ 4ular 

Imowledge would be impossible tiad 

of iron did not persistentS’ .example, the 
d definite way we could L spSf "■ ^^ed 

should never know what waTSS bv?>.“ f ^e 

“7 ".dd be SSh '»»»■ for ir! 

«P«ol ottt?mifoL^'ofS„^i,°f One 


rehta aeta^»;5" CSTS 


o7£“““^ b.t »a„ ae 

^accoimtof the*^o^^0M^d *0 

Thmgs persist, and the pe^istinl^v change, 

feprded change as aris^ of ^ 4 

mto nothing then the mind passing 

isolated impressions which could 

system of knowledge. Every ev^f ^ a 

and experience wodld be u4SrfKLiKi°^4^® ®' “i^acle : 
ef ®®et tie oriri^ understand 

ot tnA /’.Tlfl’nnm XI...* - - origin Ol Ch8.T>0*A 1T» -flirt J. 


It is an ass^&XrwTstalTS^.^ I otheTtH:;^ 
we c^ot think expeSc^t Z 

tion IS necessaiy. ^ other waj, the assump- 


§ S] FUNCTION OF THE CONCEPT OF CAUSATION. SH 

„„ fo™s itt ■s^liioli aloaa we 

can think experience. It is, therefore, involved in aU 

1 88,“® thing as saying that it 

T omf 1 ? ^ recognised in every case where it is Lted on. 

S t1„ f tJiough^b about causation as such, the 

SSfps S “<1 was the basis of pmcfcical 

^ V tunes the hunter sharpened Ms 

of the farmer sowed his seed in the expectation 

of definite desirable results. So often does a 
workman go through industrial processes to-day. 
tio?ia implicit recognition of causa- 

al a uui«™fl?^“ ^ awptance in the fullest sense 
as a uuivusal detennmant of experience. Indeed corre 

SSs^ed^iiP*™ mdividiml knowledge is 

wS tki iTof P ''^™tions in the fullness with 

7t isonltf causation is grasped by different people, 
it IS only the man of scientific thought who recounisM that 

KS S' “f ”«««■« 

“ Evrikn d.i f!.l if fmm Iiim- 

JU\tn tijoughiiul men usually receive with sururisA tliA 

suggestion, that the form of 4e curl of ever^rthat 
breaks, wmd-^ven. on the sea-shore, and the Sition 
of every particle of foam that flies ikore thrS^am 
f definite causes; and, as snch,^ust be 

Xofe?a^d“thf fmm the kw 
ot motion and the properties of air and water ”i The 

TOious acceptan^ and appHcation of the general axioiS 
of causation are, therefore, a higher phase k tWp™ 
of mterpreting and umf ving experience than that mwhich 
the existence and regularitv iff causetinn • i 

in particular instanced. ^ causation are recognised 

wh^h^affirit changes in the world about us, 

wiiitu at urst seem so chaotic, it is uecessarv nf «sU 

to ascertain what follows what, and Ten ^omfc fo 

de3r%5{ conditionrorwhich 

LoCcan olljte mXSwflf 

the nature of cauiu ^ examination of 


^ Iluxfoy * Mume, p. 12^ 
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4. Watoje of Causation.— The essence 

cause IS that which has power to nrorin^ k 
effect that it is a chau^ which h^s ^ 

not one which has merely happened accidentall^^^^^ 
causation man first thinks hif ccidentallj. 

y is the efficient cause of the changes^Khe^w 
hi8 efforts. To know what chaofff ^ ii 
effort is evidently the only wav i/wV °f 

organise his actmties. To wnceive 
by^conditions which necessitate 5 Slv a'^ef 
extension of this primitive idea. ^ ^ ^^^nement and 
In this extension and r 0 fiTipmfir»+ 

foU™. 4.™. S£S.ti0?“? St •®“‘' “'!««<«* 

tbs, and there the plain man stem ^ ^ sequences gives 
observations as Previns' a iiniVn V regard such 

for our geneSIS^ umversal bond would be to 

The scientific thinker must of instances, 

bidden bond of identitr wkI’oT, biy bare the 

uniform sequences. ^ which underlies the observed 

NtS^SeriuSt reSds common thougnt. 

subsequent event as m effect Tb^* 
other immediatelv— as dea^^or, one imy foUow the 

bi^s, or at a LirS ^Zff^ 

taking of poison. sZilLw “tef^l-as death on the 

said to cause rebeffioSS’ 

“lany years before they Se +^i? 

we consider such caseJ wf ^ sffamst their tyrants. If 

toother vast numbers of faote^a ®'*'® ^o’^piog 

and another great mass 2 ^ flic caused 

snch compleir^^fPf““gs as an effect. Amid 
Ifweap one instalL^^’* y* uniformity 

abstract sense— and an “ tbe most 

JU^mplete sense and sense means a very 

i^s particular set of oocu^ inadequate for explaining 
shown in an enormously^laS^ Tyranny has been 

“ousiy targe number of ways differing 
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mdely from each other: rebellion has taken.-sAe form in 
this country, time, district; another in that.Wl^AnnT andr' 
reteihon arc very abstract terms, and telV na’ imtEms 
defimte about actual CTents. So with deatliN^i^^alS 
abstract term denoting one aspect of oecurrences-SlfM 
winch Jiave not only their own peculiar features, but other 
common featiu-cs which make it possible to ckssify th e m. 

a certificate of daath specifies the 
cause a,s siacli aud such a disease, mere senile decay, poison, 
a gun shot, and so on. That is to say, he substitutes for 
Hie very general and abstract effect ‘death’ the more 

sproific eflect ‘death of such a character because due to 

Slicii a cause. , v v- 

conclusion by 

abolish, so far as it is push^, tne time 
mtcnal between ‘cause’ and ‘effect.’ When poison, or 
“ige- eventuates in de^th, it is 
■mrf Hu f rendition of the body has been reached- 

T^nnKfi * does not precede deatli— it is death. 

iJoubtiess that condition was sequent on other conditions 
tor aU existence is continuous change. But the m&re 

by itself give rise to any. 

4i itself ; it IS not as coftdition but as process 

rimt It passes from form to form. The reasons why the 
proem goes on m this way rather than in that must be 

F^^sisteut natures of tbe 

fetors that enter into it. When a man takes poison, fo? 

rekrion wifh^/h/l^n Prison brought into effective 
^tion witli the bodily organism, determine a change in 

£r°“®8,^bich would otherwise have gone on 
healthily. The culmination of tliis series may Im deatti 

Mtid^fl^T “ora ov less severe illness. If an 

^tidote Im taken m time tins series of changes may again 

tedi?0rted, and tbe^prowEg be Itenfin jet another Sec- 
tion wbicli im>j end in revesfcabli shed. health. ■ ■ 

rino 1 'i«Kf antidote on the 

om haiicl, and the death, illness, or recovery on the other 

are ^ well marked events in time, so we make them tliA 
beginning and end of the event, and label them - cause ^ and 
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‘eifMt’ respectzTelj. Such a method is the onlv wav 
which we caa successfuUy grapple with the complLitie^ S 
existence. Eut it must be noted that the whole coT,=ff+°^ 
ton of the event is an arbitraiy act on ® T 
taking of the poison did not begin the life-BropMQAQ* 

It modified, nor did death eitto/Win ct eto 

it IS clear that the common distinf^finn k f ^ <5ontiiinons 

* 0 . is o^r . mSToolvSS t rr, f “? 
where it is best adan+f«l +i placed 

doctor in ^ 

or chemist in de^ribinl a^natnral ^ Physicist 

tween the <caui -SX^eS?^ J.'r®®®~^^^ >>«- 

indefinitely large Siber of to.™ “^an an 

of which ensuronSLs wHch^Sf'^ steps, any one 
precedes those that S aftof ® gone before, and 
called indifferentlv effect or pmi«. *^®^ofore, be 

i. thought iSiott thofo™““te, 

is the ‘effSt’ of £ ZnFF ‘T®"® ’ ^ the^ blot 
event according to whethpi^wp ?' name the same 

is to come Tb^kwaS L w ^ wl»at 

taet of 4 ^th ^ con- 

different names fototo^c.*^ ®®cct are 

we can think of that Sippropriate because 

is reached nearer this point 

ever the state ^ u!“* standpoints. When- 

we call ‘cause’ eonditions-which 
which we call ‘effect ’ Wlf phenomenon 

one momentoy ph2e 

what really TI^a change which is 

'’‘^y existB. The distmetion between cause and 
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arbitraiy so far as this coe- 
tmuous world -process is concerned. It refers always iiist 
to some mecific problem— to the attempt to understand an 
•ii Litranlj selected piece of the constant change we see 
around us, and of which we ourselves form part. 

Our analysis will have enabled us to see that when we 
persisting after the cause has ended 

™ popular sense. 

Cfc._«a, jtte cuMsa, ceseat egeckis, miA. the old kfncal axiom- 

to which we have been led, we 
see tliat m any .sense m which the cause may be said lo 
Lease, the effect of necessity ceases. Even in the looser 
use of terms some instances seem to exemplify this For 
instance, the withdrawal of the weight from one scafe of 
an evenly poised balance destroys the equilibrium of the 

I 11 f ® XT * Biost cases the opposite seenis to 

bold for he clumged conditions persist in a wS open 
to obseivation. Ihe most striking and instructive ex. 
amples are found in mechanics. A blow sets a bodv iii 
motion, and the motion not onlj continues after the blow 
ended, butj aiceording to the law of inertia tends to 
endure for erer, and would actuaUr do 
couuteracted by opposing 'causes.’ Inch aa gl™ ty md 

ontwhiy ®' “0^ body comes iuto wntact with 

one which is immovable, the former is brought to a state 
of rest, and remains in that state so long as no other in 
fluence is exerted upon it. In this case le may sSayof 
he fixed body as the 'cause’ of the cessation of movemeS 

mav^L?^’”or+K accurately as we 

may speak of the blow m the precedinfy oram-nia -i-i. 

cause of the motion, or of poiso^Taf Tjt 

But m none of the cases are we u&ing the word with scien * 

ifici^uracy; It is the changed spatial relation comMn^ 
nature of each of the objects involved 
ihat IS the true cause of the msult, and that result k to 
each case nothing but the actual occurrence of that chana-ed 
spatial relationship and the interaction of the TOrmantS 
natures of the objecte concerned which it inS® 

Our discussion, then, has led us to the condMion that 



oiu a.Mj8 POSTULATES OF muuoTioisr. [oH 26 

the distinction between cause and effect is one of noint of 
view._ In existence thej are not two but one. NeTertbfl 
less, in the attempt to understand the one continuous' 
process wluch constitutes an event both the plain man 
the scientific thinker find it weU to distingSthese 
aspects The ^fference is that whfle thl^kin ^ ° 
content with a loose temporal sequence the scientist seeks 
to define exactly the conditions which determine the eS 
No doubt, as m the case of the ulain -mor, 
often to be eetMed witi ‘oara^’ whSi 'are toliom 
eatenl removed front the ■<««*.• One SoHr nrS 
make m infimte number of cross-sections in a process to 
show at each one the identity of the two But t 

of science is to reveal that identitrin one and t£, 
content and to show that it may be looked at fra J Z 
two points of mew of that whic/ deterges ?nd Jt£t 
whici IS determmed. Thus the combination of hyi-oS 
and oxygen in the quantitative ratio of two to onXtoi^ 
mines that the effect shall be water, and the character of 
hat^ect IS deterged by the character of the elements 
which are combined. But the combined elemenfsT,!^ S!! 
water are one and the same identical substance an^this 
»b.te.o. „ tl» boa ,f are 2a of S 


I 
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eitlier as a came wlien we are . looking forwards or as an 
effect if we look backwards. THus, if we assign a cause to 
aiij event it is always possible to seek tlie cause of wMcli 
■ tlie cause assigned is tbe effect: and tbe process may be 
repeated in a regress wbicb. is practically endless. For 
example, we may attribute famine to a failure of crops, 
tlie failure of crops to excessive cold, excessive cold to 
atmospheric changes, and so on. Only when we readied a 
conception of nature as a whole should we find the ter- 
minus of our thought and the explanation of the series of 
causes and effects through which we had passed. Since 
this is impossible we are compelled to consider the pro- 
cess as it were in sections, and to make limits where no 
limits exist. 

This means not only an arbitrary detennination of 
sterting-point and conclusion of the ciiusal sequence, but 
a limitation of tlie elements which we take into considera- 
tion. The universe i.s such that every part determines 
every other part, Init it is obvious that the totality of 
circiiMstances attending any change can never be taken 
into account in our analysis of the conditions of that 
change. Some of the circumstances are more immediately 
relevant than others. In a sense it may be said that the 
eai’ly history of the Eoman Eepublio helped to determine 
the course of the French Eevolution : but no one would 
think of going back so far in his analysis of causes, even 
if it were possible. The historian would probably content 
himself with analysing the condition of Franc© in the 
years immediately preceding the Bevolution, without, per- 
^ haps, asking very closely how that^ condition came to be 

what it was. So, too, the inventions of the eighteenth cen- 
tury were undoubtedly links in the chain of events which 
now end in a cotton strike, but there are conditions much 
nearer at hand which for ail practical purposes sufficientlj 
explain it. Hence the discovery of causee virtually resolves 
ifcself into m attempt to find out what elements in the total 
conditions^ under wnioh a change takes place are essential 
and material to that c1»iito and what can be disregarded. 

Now the selection of relevant conditions: ii,' nsuudly made 
in such ft way that the effect is seen to follow on the cause. 
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But k our discussion of temporal sequence to hare seen 
cause and effect are identical in Content, ant Sf^ 
^nnot be successive. The apparent contradiction vanishes 
when we remember that causation, so far as . “ ''‘’•iiisnes 
tible of close analysis, is found in a cfnHn. * 
in which we can at any number of uointa 
of cause and effect. These ™ been 
together m thought, and the uoint at Rouped 

fiz the end of the' cause is Sn to t tb?K 
of the effect which also includes a series of 
of cause and effect. At tlie i unction of fTiA Hxm i • , 
separate for pmposes of thought there is no real^rra 
nature. By thus chooskg our limits wo m 

idea of temporal sequence which is not an 
causation. ‘‘The c^use acti in time thTeS"^^ 
time. The times occupied irthe^useaufT °2 “ 
succeed each other, the one eSu at the^nlni^ f !• 
which the other begins.”* In Sortfof^^ 
more thorough ‘caSse’ and 
and nmrer together till, with the compfotk? of 

SnS^slpptf*^ andliiS! 

Svt 

US pure in nature. With the conditions relevant to fliA 
problem m hand are mingled many which are Sw 
*0 distkguish 4tween theiT S 

M.to.Toidomor'SjTtteS&S 

J™ “* pytiy fete. i:(!o»l,Sr»SijS®d,o!rs*^t 

to conmte. ^ go^emment, which the flag may be taken 

‘ Whewell, Bisiotyo/SeimtifieXdeat, ToL L, pp. 197-198. 
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This practical imcertainty ia deteradning conditions, con- 
joined with the loose tise of the terms cause and effect, has 
led to the denial that statements of, cases of causation can 
be regarded as formally reciprocal That the same cause 
always produces the same effect ” is uniyersally recognised 
as the^ fundamental axiom of causation: that “the same 
effect is always due to the same cause” is questioned. It is 
asserted that the same effect may he produced in many 
ways. For example, a charge of gun-cotton, of dynamite, 
or of cordite will blast a rock. You cannot, therefore, 
equate one cause to one effect ; indeed for any giyen effect 
you may find a plurality of causes. , This was the doctrine 
of Mill; he said: “It is not true , . . that one effect must 
1)6 connected wuth only one cause, or assemblage of condi- 
tions : that each pheiiomenon'can be produced only in one 
way. There are often several independent modes in which 
the same phenomenon could have originated. One fact may 
1)0 th.e consec|uent in several invariable sequences ; it may 
follow with equal uniformity, any one of several ante- 
cedents or collections of ant^edents. Many causes . . . 
may produce death.” ^ The example with which Mill ends 
shows that he is using * effect * in a general and abstract 
way. We have already seen that though “ many causes 
may produce dmth,** yet in every case, just this form of . 
death is the expression of just' this TOt of conditions— 
otherwise coroners’ inquests would be futile. Indeed, if 
it be once grasped that * causa* and ‘effect* are simply 
different names for the same reality according to whetner 
we are looking forwards or backwards ; that cause is the 
totality of conditions looked at as conditioning, while effect 
is the same totality regarded as ’ conditioned, then it is 
plain that cause and effect are exactly equated. A change 
mthe totality of conditions u a change, whether we,,' call 
the totality cause or whether we name it effect. • 

Tree, m any particular instance, we may: feel that we .are ■ 
not Justified in regarding our statement of'' the causal re'ia- ■ 
tioa as reciprocal, but that is because we, are not certaiii 
that it is aa^mte— that the whole of the;.©ggeiitmi eon- 
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ditioBs hare been correctly sorted out Wheu -ora -e i 
hat certainty we do regard the statLeSf Stutl 
relaton as reciprocal. Thus the statement thatthe>A^^ 
binationof hydrogen with oxygen mceSn ^sSl T' 
portions always produces water is held to statearecinili i 
relation, that is, to be simply convertible, and we M mml 
confidence in asserting that pure water eo-n i 

resolved into those tio easiT f completely 
It is the same in all cases^f sckntifie Lt Proportions. 

known and are secured and tW 

which can modify the result Thi^°- present 

fundtiSuiS 

^ffeltT:;^ ^oS ajysel 

consequent ph^omena.^^^^ 

The first stiS 

piinernle 1 = * amount must remain the same. This 

sodiui^ andchlorin^e^SetjTf*'^®™'®*''^' 

differs consltloroM combine to form common salt, which 
tuents, the weight consti- 

the w^htsTflto ci^l tlie sum of 

expre3tbe w elements. The other principle 

ofLergy re^s “ a“7 physical system the amount 

place ^hin it. T^e Stem Sr ® 
work before the chmiffe capacity for 

work after the ' The ^ the same capacity for 

the same foim continue in 

impinging rSoiSr^ “^^^^ce, 

sound and heat If transformed mto 

the Ha.nin unit +]!„ r,r,^^ energy is measured in 

“ut the number of units before impact can be 
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equated witli tlie mimlber after impact. ’ The two .prin- 
ciples ma.y l)e summed up in the .statement tliat tlie cause, 

equals the effect. 

The axioms of causation may. be briefly stated, as 

.follows— 

, ,, 1. Every event must have a cause. 

,2. The same cause always produces the same effect. ■ 

3. Til©: same effect is always due to the same cause. ' 

4. Cause and effect are equal in amount of energy. 
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OBSBBVATIOIS'. 

1. The Basis of Science.— All the soien^f^a a?™ * 

experience. It is, therefore evident 
tt^t they must rest on an exact knowledf^e of thoalTT^ 
When the facts are •wronffly thou£>'lit fho*+v. • fS'Cts. 
10 „pirt.a„ .rill b, 

IS gamed m the ul^te resort oely by observal^n ^ ^ 
0 % beginning of an investigation but througbom 
^.hole ^.urse, the en,™ „i, 

te^^^’f 2S„rit32rSn:r 

» £S'LSiXsrn,‘2risf2: i 

wkch observation is most Kable to error. ^ 

chanZil^nv^ observe, without attempting to 

g in any way what we are observing, we have obser 

^taon p^ and simple-observation hf iS moIt chreS 
W The amlyas of the phenomena we are Sudy£ S 
F^ly mental. When we attempt to modify Sd deter! 

into bondas^^fdTft observation brought 

ifl PpiT>oses of our thought, and made to 

h-d^taSSr- tb. groat 

ttem rests oTSf structure built upon 

Miem rests on the accuracy of the reports of the origLl 
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observations. With. tMs also logic is' oonceniecf.. So our 
enquiry brandies out in a tliree-foM direotion, and to 
must consider in turn tbe nature of observation, of experi- 
ment, and of testimony. 

■2. Simple Clbser¥atioa. — ^To observe seems simplicity 
itself, and in any particular case we find it difficult to believe 
tliat testimony of our senses” cannot be implicitly 
trusted. Boulitless we grant that we Jlcwe made mistakes 
bave taken a stranger for a friend; we liave mis- 
understood wliat was said to ns; we have read words in 
tbe printed page wMch were not there instead of those 
that were. But at the moment of experience nothing ' 
seems more certain than this testimony, . What we see, 
hear, touch, taste, or small, has an impressive directness 
which mlmits of doubt much less readily than do construc- 
tions of our tJiought which are not determined by 'im- 
mediate seiiKe-ex|K3rieiice. So also we find it hard to 
believe tliat our memories of such experiences are at fault; 
yet careful examination has proved that this is so to the 
extent of at least twenty-five per cent. Indeed, there is 
nothing more common than for ** the senses to play ns 
false” as we say. It is a commonplace ^at only the 
artist’s eye observes the colours, of a scene, l%ht and shade, ' 
as they are. Every^ illusion; tells the same tale, When 
I look at a brick viaduct, a mile or two off,' I appear to 
myself to recopiise its redness. In fact, however,, the im- 
pression of colour' which I receive from the object is not 
that of brick red at all, but a much less decided tint, which 
I inay easily prove by tending my head downwards and 
letting the scene image itself on the retina in an' unusual 
way.”^ Moreover, the observer -tends to experience what 
he expTOts to experience. "‘ An' officer who .Buperintended ■ 
the exhuming of a coffin ' rendered necessary through a 
siispicioE of crime, declared that -he already experienced 
the odour of decomposition,', though it was afterwards 
discovered that the coffin was empty,”® It is the same 
with obserratioEs cfirri-ed out for scientific purposes. The 

* Sully, MimmWi p. SB. . ' * p, ICB, ' 
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astronomer who is watching for the appearai 
ticTilar star will tend to see the first rav of li 
comes within his line of vision. Importan 
equally likely to be omitted. Before the labou 
many keen geologists had worked in vaUeTO o 
by glaciers and_ failed to see the evident marl 
action. There is, therefore, more in ohservat: 
bare re^ption of impressions through the sm 
yokes also mterpretation and selection. 

It IS Iiere that we find the possibility of ^ 
^rtein that physiologically each external stii 
to the appropriate nervous response. If vv< 
stranger for a fnend it is not because itoo™ 
imge on the retina: it is that £ ima^Te 
has evoked the TOong set of ideas in tL i 
eroking of ideas is the one and only manuf 
what is present to the body is also preSnt t 
The majority of things which surround us evi 

thS TtTaT?® F?°?ss we see that it is ii 
tnat IS, that from what is directly giyen a co 

case o± all— that of recognition. If a man 1 
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is made. When, howefer, in response to some challenge 
the reasons for the Judgment 'are' 'giren explicitly, we 
have the fully developed inference with which logic is 

concerned. 

When this inference is made’ explicit it is seen to take 
the form of a syllogism in the second figure — ^ 

Jaffas have qualities a 5 c. 

This orange has the qualities a h c, 

Therefore, this orange is a Jaffa. 

The fact that tlie middle term is undistributed shows that 
formally the conclusion is only one -of a greater or less 
aiiioimt of probability ; hence, the possibility of error* 

We have^daalt with the very simple case of recognition 
because it Js evident that - if - that, involves implicit infer-- 
ence, and is liable to error, -much m.ore will this be the 
case with the more elaborate observations -on which science 
is !)u,i,lt. Throughout, observation is. seen to depend not 
simply or even mainly on the integrity and firmness of the 
senses, but on the accuracy of the interpretation given by 
the mind. 

We have pointed out that always the greater part of the 
sense impressions we receive pass unnoticed: in other 
word.s that all observation is What we select to 

observe, is determined by the -purpo.se in hand, that is by 
the explicit or implicit question our mind asks of reality. 
The fruitfulness of our observation will depend on the 
perfection of our choice. ■ And this is also inference, 
guided by pertinent knowledge. . For we may disregar-d 
what IS really essential. In the days when cliemistry was- 
almost exclusively qualitetive, the weight of the products 
of chemical action,, though occasionally recorded, was re- 
garded^as unimportent. It was not until the time of 
Cavendish and Lavoisier that this quality was selected as 
of the first importance in chemical enquiry, hfor would it 
have occurred to them to give such- prominence to the 
balance had they not been expert chemists as well as men 
of msighi 

On the other hand the selection: may be vitiated by 
laying too much stress on what is 'trivial and incidental. 


pj.’— 
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But how can the selection be rightly made P 
no rules. Both the intelHgence -witti which tho 

to be observ-ed aae selected, aTd the now 

<» ev«7^Xt 

presented requires abundant inoMl ^ 

of science to which the inTestigation belongs 
the growing recognition of a fundamenK™ir — !f ’ 
sciences emphasises stronglv ^ “ *^e 

acquaintance with sciences ^hicT, ^ considerable 

so can the facts be annrecteted L fi! w 0% 

is found in any S «aSe? / 

with equally good sense-organs an observer 

macliiiiery j the^former in/lAiS ignorant of 

than does the latter. ’ ^ “^ore in it 

Count EumforTte of scientific research, 

bms cannon at “he StaSt sS!l"!f K 
o^'^anXy metelEhips tlioTO 

« S! S 

that there w a ^ ^ 

amount of heat ge^te^ between work done and the 
to determine the mktiSf’em^^f f 

1^*76 been perfectly famibflr i 

to the mind^of ^be worsen engaged: 

tiiey meant mo^, " P^^epared bj wider knowledge, 

knowledge, pnrsait of any branch of 

IntniA th. khe, J to 

^Preston, Thedr^ of ffecU, p, 39, 
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well for Mm to gire heed. His increasiag knowledge 
makes it possible for Mm to detect' with greater readiness 
tlie betiring of the facts as tbej are given, and so to isolate 
in tlionglit tlie essential from tbe^ unessential. But there 
will always remain indiv'idnal differences in knowledge and 
in insight. The role of the mere observer must always 
be a humble one, even in the case of those seienoes which 
offer him the most abundant scope. The true *seer,^ 
indeed, is the rarest of all discoverers; hut the true seer 
is one who brings to his observation more than he finds in 
it. The drudgeiy of the patient interrogator of nature is 
made divine only when it is inspired by ideaa wMch are 
not objects of observation.’^ ^ 


S. Hanger of Bias. — Since the mind has so large ' a 
share in the practice of observation it is difficult, even with 
the utmost candour and a sincere desire for truth, to dis- 
tinguish what is perceived from what is inferred. The 
difilciilty is rendered grciater by the 'liability of most men 
to be unconsciouBly the victims of bias and pi*ejudice. 
IMiefs that have been handed down by tradition or that 
are the outeome of previous investi^tion become hardened 
by use and custom until they are acted on as inviolable 
truths. Prepossessed by such' shadows of knowledge men 
are apt to attend only to those facts which support their 
prejiiMces or preconceived theories, and to neglect those 
that tell against them, or even it may be to explain them 
away in the interests of their prior notions. Before the 
discovery of oxygen bodies^ when heated were thought to 
give off a B|)eciai substance named ‘ phlogiston.* When it 
was found that metals so heated became heavier, the 
apparent contriMiction was resolved, by supposing phlo- 
giston to have a negative weight .which diminished the 
true weight of compounds in which it was pre8e,nt, , So 
the theory was savw, and the progress .of chemistry -re- 
tolod.® . ■ . . . 

The difficulty is especially felt w'hen a possible explana- 


* M&okenzie, Inirod* fo Bomal PhMmmhm p* 18» 
® See Voa Meyer, Ckvv* . 
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tion of certam phenomena has been conceiver^ «r,A 
IS being made to the facts to estabhsh thl +^fi? f-PPeal 
of the conception. The mind is ant fr. l.m *1^ " 
singular tenacity to theories of its oxim • ° ^th a 

is difficult to dd persoTi "“d ‘‘it 

It. and, if ne& be, to bamKtWesffiv t 

thwiy which runs counter to the fact^ * cbenshed 

b the M»„oe of 

.uomodap in n>ejn.jS 

incessantly submit hiilSf to the d^tiS® should 

inustsubmithiside^SureiiS^^ “Man 

nature rejects it, he must not stiffZ v* if 

and take upon himself which we™ ^ himself against her, 
to lesson her, laying down for her tht ?a ^ ^ 
to nature and renounce his idea.” ^ yi®M 

their unaided senses as means' of confined to 

^owledge would be considerably cont^+^^°“ S*® ^ 

has but a limited range and^tliPi-i^°*®^’ 
phenomena, such as thSe of pwf ® natural 
detection of which no Sse tiST 'direct 

*i«ctly perceiTedmay be preS Vo.® ^hat cannot he 
nse of scientific instrLentf^ observation by the 

distent to he seen, Tsi ^ *®? 

rendered evident by micro^ue tir ® ^® “s 

So also an event too swift picrophone. 

a cl^r impression on t^retina^^^^®!!®^!?^^'^® ^ iea-’^e 
on the photographic plate - ^ ^® ’^^oorded 

l^ht which th!e/ehasV^ow2 teT^®“*® s^poture of 

through the spectroscope. ^ ^ <i6compose is revealed 

> te: p- <*02. 
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To extend tlie mage of otj^rratioa is not the only 
Bervice ifliicli mstTOments can render: they also increase 
its exactness. We can Judge weight by the hand, but not 
wii.li the accuracy of the balance: ''we can distinguish 
temperat-iire by the skin as greater or less, but not with 
the certainty of the thermometer. And in many ways 
plieiioinena may be registered' and measured which would 
either escape detection altogether or which would he im- 
perfectly realised in their quantitative relations. 

Now all scieiitii5.c instnments have .grown out of previous 
knowledge, and embody much ■. knowledge in themselves. 
They contribute greatlv, therefore,- to the advance of 
science. But their us(3 Is dependent for its accuracy and 
fruitfalness on the qualities of- the observer. Only a man 
of great skill and well-versed in ■■■science c.an emi^Ioy many 
of the most a(5C«rata instriiments, ’ because he' alone can 
turn to pra<‘.iical a.eeount the knowledge they euiTiodj, and 
can diihiet and allow for errors incidental* to their use. 
'' Skill in niodern laljoratory work is- as far out of the reach 
of the untaught a-s performance, on a musical instrument.”^ 

In many cases the use of instruments makes no change 
in the phenomena, but only in the conditions under which 
they are observed. It is still observation, but it implies 
not only the inference implicit in all observation, but also 
that involved in applying the knowle%6 embodied in the 
instrument. Thus we may have to infer that the object 
focussed in the microscope is one hundred times smaller 
than it looks, or that a certain deflexion of the galvano- 
meter indicates a current of -- a ; 'certain . ' strength. The 
accuracy of the observation depends upon the correctness 
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really experiment. The latter name is not • j. 

unless the instrument modifies the object whieFis 

telescope orn microscope. The distinction is ver? Slv 
put by Dr. Bosanqnet_: « The fsmt is then that eSeriS 
IS not merely observation under artificial and deteL^S 
conditions but olservation under 
which condUuUan irdegralpaH of the image or prodl^^ 
he observed. Thus common dissection is not eSmit 
though It mtroduces conditions in the way of senamS 
and demar^tion as definite as anything^ can 
vivisection is experiment, because the deteiSnate’ con* 

to a. «l,to totaea. obM^tio. to genL S”^ 

The end aimed at in observation is a full i 

Wedge of aU the conditions without whM thelhs^ 
mena observed wonld not occur T-f +1-. pbeno- 

wem presented in isolation, the task of thfobLi^er 4oS 
he comparatively simple. But this is not thb c^f 
are as it were overlaid with many other element 
obscure them from view and nftin «« f etenients^ which 

id<»ue s^toSSi£rt£r."*'”“ T'* “?■ 

^ Logic, Vol. ii., p ’ 145. 
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meaning It may readily be seen that we pass upwards 
by insensible gradations from pure observation to deter- 
minate experiment. When the earliest astronomers simply 
noticed tbe^ordiiiary motions of the sun, moon, and planets 
upon tlie lace of the starry heavens, ■ they were pure ob- 
servers. But astronomers now select precise times and 
phices for important observations of stellar parallax, or 
the ^ transits of planets. They make the earth’s' orbit the; 
basis^of a well arranged, mduml mpermmntf as it were, 
and take well considered advantage of motions which they 
cannot control. Meteorology might seem to l>e a science 
of pure observaiion, beca,use we cannot ' possibly govern 
the changes of weather which we record. Neveiilieless we 
may ascend mountains or rise ..in balloons, like Guy-Lussac:, 
and (Jlaisher, and may thus so vary the points of observa- 
tion as to render our procedure experimental. We are 
wholly unjible eiiher^to produce or prevent earth -currents 
of electricity, but when we construct long lines of tele- 
graph, w© gather such strong currents during periods 
of disturbance as to render them capable of easy observa- 
tion.”^' 

But the . observer, whether he has recourse to simple 
observation or to ** natural experiment,” is hampered in his 
endeavours to discover th© essential conditions of pheno- 
mena. He cannot go far by those -means alone, for he is 
compelled to wait on nature. How nature may present 
Mm with mstaiices in abundance, but of such complexity 
that he cannot disentangle them.. ' On tlie other hand, they 
may be of such rarity that adecjfuate investigation becomes 
difficult or impossible. .Again, tliere are processe.s of nature 
as swift and transient as the lightning, and others so slow 
and gentle that they escape obse.rvation. As Lavoisier 
reiiiarked, the decjomposition of water has been eontinmllj 
going on, though none had observed it before his time. ■ 

But however alert and active the mind of the observer 
may be, his activity in every case is limited to the exami- . 
nation of eonditioias that he can neither determine nor ' 
modify. He must make the best, of what is given Mm.' 

. '1' Princ^dm 0/ Sckme^ pp. ■iee-4l|jU . 
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it IS here that experiment comes to the aifl o,- i -. 
ration bjsuppW a means of control over 25 . 
toions. By isolation and combination of nbv^S 2 
It can so manipulate them as to determiuA ^ 
the conditions under which the p 22 a tn^i 

>» -i- 

tion. Instead of the medle/of condi+iA observa- 

others imknown which natnw ®°“® kaown, 

assemblage of conditions in greater ^ 

observer, and therefore kno^. 

likely m any way to interfere with tW^ relevant or 
investigation will be as fo.. oo .,“6 phenomena under 

omteol, be wried m ialaity md im under 

at will; and the differences “.*f®'lticed or removed 

t .hi. w thee. is 

elumnated with greater accuraev ^.essential wiU be 
Morive P"r®lx«^ental analj^is^^ 

bedeWsedsoasCpro^Xts^^^^^^^^^ 

kghi on phenomen^ although Ses^eff^ 2 ^''™^’®"*^“* 
duced by nature herself. “ sSierimSf • P^®' 

phenomena which nature left to 

example, the faU of b 2 s te a vtuu 5 ?ri”®®?®®®: 

kydrogen and oxygen ThrcL^^ ’ *?® M^efaction of 
toiy many comS bodiVs ®/®^*®® “ 

it.”‘ In'this^y 2 wteSe 1 ^S “®* ®^^®* 
lapidly than would be nossiblA w^ ®®® surely and 
observation. 2 oT wt ^ 

stances can be suffici 2 y va«Vd • ®fi ®^P®P“eti* that m- 
and difference to showclwlv^t^ “ ^H® identity 

conditions are. And SZ 

aquantitativeprecision. ^ be determined with 

t would therefore be a mistake to set up any opposition 

* Babietj Za Logique^ p. iig. 
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between observation and experiment. - Both aim at estab- 
lisliing tlie exact conditions upon wMcb pbenomena de- 
pend, but tlxe element of control in tbe latter case makes 
observation more eilicient than it would otherwise be. 
Indeed it is not too much to say that 'without experiment 
physics and chemistry would have b^n unable to make 
any serious advance. There are, however, other depart- 
ments of knowledge in which observation must always be 
the prime ^resource. Some natural processes are so slow 
that experiment is impossible. The geologist, for example 
in tracing the history of th© earth is confined .to observa- 
tion as to the structure and formation of rocks and the 
occurrencxx of fossils ; the biologist is unable to experiment 
on the evolution of spocies ; the historian cannot experi- 
ment with the past. On other grounds the doctor and the 
politician are limited in the exi)eriinents it is permissible 
to make. 

6. Aim of Experiment. — ^Appeal to experiment is, 
then, necessary whenever' si.mple observation alone will not 
make plain all the essential conditions of a phenomenon ; 
and its object is to eliminate ail conditions which are not 
specially O'pemtive in the particular' case under considera- 
tion. When this has been done suceessfuHj: we have one 
or more hypothetical Judgments .■ of the ■ lorm If S is 
a then it is x. Here x wili' stand for a known element in 
the^phenomenon and a for th© condition upon which it in- 
variably and necessarily depends. How we can only be 
sure that this relation is invariable and necessary if we 
establish the reciprocal proposition : If S is x then it 
warn well the pure hypothetical, 1/“ 5 w a U is x. 
There is no other way of doing this than by examining 
instances of the absence of a (i), and so trying to show 
that when a is absent, x is \ also absent (x); in other 
words to establish the judgment If S is a then it is x. 
Hence in every conclusive ex|>erhnent there is comparison 
of tbe phenomenon, bothJn the preienoa and in the absence 
of that particular condition .w© are inveitigatiag. 

This latter—wliich is what ehemsts gometimes call a 
Blind E^i)enmm4-4A absolutely ©Bsentia! to the establish*' 
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conclusive is therefore 

« Justus® ^ 

'Udes all i-HAr. ^ assumption tliat 

• clas all inoperative elements them 

Prinei^plsa of Science, p. 435, 


iwll? be preseot birt be so S j, S,?”* “*^ 

notice altogether or is included in a larcppr 
founded with it. A striMug^stsL:. and con- 

aJi^ady referred to, that thoS^lf *^® *^*0 fact, 

been worted on the constitution of tlm atm^^*^*® 
argon so long escaped notice. JevonT anoS^^^®'’®’ 
structive example of the difficultie^ ^ ^ veiy iu. 

meats. He says: « A curious ilstance^ ollS^® 

mferenoe is furnished bv negative 

rejected the coipuscular theS^^rS T 

tides of matter moving with the immAno *^at par- 

would possess momentum, of which thova c^ light 

Bennet had attempted to detect thA ^ CTidence. 

by concentrating L lays of L %tt 

balanced body. ObsendL no resulTdt 

be pro¥ed that liffM bad^TiA ^^^imdered to ^ 

side, in amearlj Tacuons globe found on one 

under the influence of lightf 

effect can be explained in accordance wit^ ■^®^ 

theory of light, and the molecufc 

comes to this— that Bennet Sases. It 

be might have detected with a hetf 

menting; but if he hS found it S ®^P0ri- 

have confirmed, not the phenomenon would 

..pscbd, b.tth,"S*SS„ti»!7 ”4’*“' r 

drawn from Bennet’s exDerimAT^- ^he conclusion 

it was nevertheless true m mS 
tdons-c.y. gravitv— Znot ^ 

mentingLVent^rfoV^,^®^:«d. and in experi- 
tious are essential, the excerimpTi W™^ permanent condi- 
thdr intensity as &r as possible. reduced to varying 

xo render a nAora.’fatm • 
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oeIj.,: But in every inTestigatioE, owing to tMii^mplete- 
, Bess .: of our knowledge, there is a res.idiie . of ^W^nalysed 
plienomena' which is regarded as .mdifferent to 
^ we; .are;. trying to .establish; and this in additioiK^^b^Ov 
elements wliicli are disregard.ed because 'previow^^^'- 
' ledge of tlieir nature makes it improbable that they neeH**" 
be considered in the given case. The exclusion of possible 
conditions i.n either of these directions may be at fault. 
Such an arbitraiy limitation can only be made with any 
probability of justification by one who has large and 
varied, as well as systematic knowledge, both of the sub- 
ject under investigation and of kin&ed subjects. Bor 
effective experiment, even more than effective observation, 
is conditioned by the knowledge and' insight of the man of 
science who devises the experiment, whether .he. carries it 
out himself or not. 

^ In all cases where the phenomena are complex this 
limitat.ioii through exclusion is, therefore, liable to error. 
Such error can only be detected by extremely careful and 
varied experiments to determine whether any condition is 
operative wiiich had not been suspected, and had, there- 
fore, been relegated to the realm of concomitants that it is 
thought need not be taken into consideration. An experi- 
ment of Pouchet affords a striking example. ■ ■ fillbd a 
bottle with boiling water,' hermetically- sealed it with the 
greatest care, and plunged it upside down into a basin of 
mercury. When the water was quite cold he uncorked the ' 
bottle under the metal, and introduced mto it half-a-litre 
of pure oxygen, gas . . . [He] then introduced a minute 
bunch of hay which had been enclosed in a corked bottle, 
and exposed in a stove for a long time to a temperature of 
more than 100 degrees/* ^ Living organisms developed in 
the hay. He concluded that since he had excluded, all 
germs from the water, the hay, and the 'oxygen,. life .had. 
been spontaneously generated. Pasteur' thus mticis# ' - 
the experiment of Pouchet : * This ■ expariment is'- irre- 
proachable, but irreproMhable only on those points which 
hare attracted the attention of its author, I will demon- 


* Lmm Paskwr^ p*. 94 
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stote before you that there is a causA r,f . 

M. Pouchet has not perceived, which he has nnf 
Iwst suspected . . I will prove to you, hi short 
the mercury which carries the germs'into the vSsek ? * 

A number of experiments were carried nn+ -nri^* * * * 
hshed the truth of this assertion. ^ 

basis of every hypothesis and eAT.+;T> P^^^omena as the 
Crete phenomena as the test of ^acSracv^ h™® to con- 
that Its vahdity depends direetlv +1 * is evident 
and perfection of tKseiSSLv^ “ correctness 
it is based. But obs^Sn 

process of extreme difficulty and Safv"''a^®“^ “ ^ 

quently, one in which it is rery easv +a 

conditions which must be fulfin^lt'^^ I 

have already hem sS for^ W« I 

main kinds of enor tl n consider the 

aess, we are, of c<S^sfnoTlni 

considers those soS of ^^gic only 

general are subject, winch, observers in 

inisobservation*m°ay^^eifter^^t^*^°’^*’ of 

Non-observation o^ Mai observaK rf either 

tionwhenanthee^oTAW “ non-observa- 

iag,. facts or particulars ShfuSiXh?^ " 

It is mal-ob^rvation wW ^ °^®ej^ed. 

Been, but seen wrong^ when^t^^ +“ simply un- 
instead of bemg r^f^seJ plienomenon, 

mistakenfor something else”* It ^llb! ^ reahty, is 

to consider these two cIaqaao rv-p • most convenient 
succession. ^ imperfect observation in 



to degtel .itor 

‘ -toa* Pmm-, p. QQ, , ^ 
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neat to the matter in hand. The former would be most 
; ^ .stage of iaductiTe enouiiT 

when _ by simple enumeration of instances an attempt 
IS made to determine exactly what is the character of the 
phenomena to be explained. The latter would be most 
^sily committed at a later stage of the process, when 
an analysis of phenomena has been entered on for the 
purpose of testmg and moulding a hypothesis. 

Im^nces. Probably the most fertile 
+hoc«i “Stances pertinent to 

^ natural tendency to 
dwell upon instances which make for the theory we would 
like to see established, or which we have hitherto held, 

• nd to treat as of no importance those which make against 
it, or even to neglect to consider them at all. A striking 
example of this is mentioned by Mill: “The opponents of 
Copernicus argued that the earth did not move, lieeanse if 
It did, a fetoue let fall from the top of a high tower would 

r«i ""T!* at the foot of the tower, liut at a 

iit4ie distance from it, in a contrary direction to the earth's 
course; m the same manner (said they) as, if a ball is let 
drop from the mast-head while the ship is in full sail, it 
does not fall ex^diy at the foot of the mast, but nearer to 
the stem’s of the Teasel. The Oopemicans would have 
silenced these cd^jecdnrs at once if they had ^ ^ dropping 
a the mast-head, since- they would have found 

that It does fall exactly at the foot, as the theory requires:, 
but no ; they admitted the spurious fact and struggled 
Tainly to make out a difference between the two cases.”i 
iliis influence of bias is not surprising when it is remein- 
bered how larply observation involves iin.pii.cit infe.rence 
and IS guided Iiy previous knowledge.' 

^ A. veiy common form in wh,ich non-observation of in- 
stances appears is when attention .is directed to positive 
instances, wJuist ncigatlve Instances are- neglecfecl. This 
originates in a kind of natural tendency- of the mind to l>e 
impressed by any j>ccurrenc6 and, to' omit to notice non- 
occurrence. lo this are due many superstitions wMch take 
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the gemval form of attributing causal connexion t. x 
IS merely casual coincidence. Por instanpo 
tbe prophetic character of dreS S bS “ 

note of the few cases in which a dream betos somo 
blance to succeeding or simultaneous events anTnf 
over entirely those infinitely more numerous caSn 
the dream IS not ‘fulfilled.’ The +bf.oT.,r 

«.uid ^ to ^ 

especially as a R-ma.n decree of °°“°i“®nces— 

HberaUy interpreted— and that withounnvneP^"® 
n^on. “In former generations,” SmSs C"^^ 

comcidences’ of this hind were resarded no? • 
curious’ and ‘remarkable,’ but as proSs o^l™ 
connexion between the events. To te,Kf « n 
supposed to render his presence movo lu i®' ™s 

prediction was regarded as evidence°^-p 'verified 

a comet which was observed to be foUowS° bv" a 
supposed to be, if not the causVor thi wS" l,T T 

itlSpricr’?" 

nere the unconscious influence of hlsH a,f4 '-T 

plays an important part-“ He answerS ®® 

superstition, as in astrolocrv to almost every 

and the like; in wMch men 

vanities as these attend pleasure in such 

but where they fefl ('thoncr^l/v!^^* vrhen it is a fulfilment ; 
case,) there tlmv nilect the • * x® “cve frequent 

One other pass it by.”» 

the tendency tTiSL «is? W noticed- 

* P- 

•Ba«on, JVbvton Orgcmon, tr. by Kitohin, § 46 . 
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existed As Jevons says, " The earfh’s surface has been 
s^oiently searched to render it highly improbable that 
any terrestn^ animals of the size of a camel remain to 

moielilTlt smaUer the phenomenon the 

** to escape observation. A good instance 

t^® existence of 

pected. ^ constituent of the atmosphere, was unsus- 

When a proposition is accepted on merely neffative 
evidence, care should be taken to make that evidence as 

seen^-f^fr exceUent example of this care is 

seen m the investigations which led Darwin, on nurelv 

' Msf’ ^ that certain orchids sSte 

and 1 ^ observations both of German naturalists 

but ^ P®“t to this conclusion, 

sHIl 31 wTif ; ^Notwithstanding these several facts f 

oSiids^rr ,S; our common 

uruiids, and 1 determined to examine 0. mono ri«mrouslv 

Sfer hot i ^ ^t them 

aimr iiot sunslune, after ram, and at all hours : I kent thA 

spikes m water, and examined them at midnight andlarlv 
the next morning: I irriteted the neciS^S’ “bnVu/ 

wteV^ by insects, of 

which fact I had mdependent proof on one Icasion bv 

and^T foreign pollen within the neeta3 

on tlie spike, would soon have had their poUinia removed • 
hut the neq.toy was invariably quite dJ. . . I onriav 
saw various kinds of bees visiting reSellv the TwrA 
o( tta Orchid, „ ,h.t thi. aSjto ~ 
ili° their nectaries; but I failed to detrct 

Solfw*^® imcroscope even the minutest drop of necte* 

I ‘ the nectaries of 0. maculata at a time when 

I repoatedly_ saw ihes of the genus Emnis keeninv 

l into them for a consi^erahle^ength of 
time. OrcUs pyramidaha was examined with equd care 

* 0^). ci!., p. 412. 
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with the same result, for the glittering points within fh. 
nectary were absolutely dry. We ma/thTilfl! “ 
eondude _ that the nectaries of the abore-named OiSS 

0>) Neglect of Operative Conditions. Jn 
action of concrete reaHty a residue of nnln?i a 
elements remains, and this opens out a nossibilif r nt i 

part of the phenonaona we are investis’afiTio* t, i 

intention of^aJl inductive nilthX W eLiS 
elements, and those elements only which are 
in respect to the aspect of reaHty uldefeSatr*^ 

thisTlk ™ empirical stage as medicine^ 

us fallacy is still not unknown and was formerlr eTtromoi ’ 

twr“- Keneto Sj-f Jit 

the dreadful notions upon drugs which prevailed hnfK 

of ■^e slia-ll readily see that any way 

t aressing the wound would have been n«pfn] *’2 

i^rL Lt te essential circumstance that 

MoS.'^.SoM *5* p"-"””™. *11 i»a"0- 

guance on the part of the poHce. An exceUent example, 

s ^^**®*^ ef Orchick, pp. 38-39. 

B© Morgan, B>udgU of Paradoxes, p, 66. 
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giTen by Mill, is the following: “Take, for instannA tha 
common notion, so plausible at the first elancr of S 

mSy fs tpenS"“w; while his 

T^tA +i,i u savings, on the contrary nass 

into the hands of the person whose stock he SaS 
who mth it pays a debt he owed to sXe LE wlm 

or carriers and^ the cmws™ f l^rch^^r''^^^ T** weavers, 
gves immediate employment to at Lst aamuch ind^S 

Tact t = 4?*^ 

Svm“nt o?thT'^ f fund for the^eT 

of iXstry'"wh*ch iTpSsten'f^^^^^ 
the far grater quantity IhichTp^ wS^M 
prejudice, univer^ to the ttee of^lS 
k mith, that prodigality encourages industry and -narai 

Bionj IS a discouragement to ps-rsi- 

w o.r<srvis,irsrz 

previously possessed Wlum knowledge ■■ 

perfonnel L have a cai of mSobsSten 
who takes a tombsteno brightened by the rays of themoon 
for a ghost, or who intenirets a don%’s bray m the S 
of a departed ancestor, falls into the' fallacy we are now 

^ Op, €14, V., iv., |4 - 
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measure mateiiallv lp<i<3 tt^ actually find it to 
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(especially if we close our eyes) bo fully persuaded we 
bave two peas. If the nose be held while we are eatine 
cumamon w-e shaU pereeiTe no difference between its 
flavour and that of a deal sha-ving.”* 

_ The history of science presents us with many instances 
of mal^-observation. “ A vague and loose mode of looking 
at facts Tery_ easily observable, left men for a long time 
mder the behef that a body, ten times as h^vy as another 
faus ten times as fast; — ^that objects immersed in water 
are ^always magnified, without regard to the form of the 
surface ;—that the magnet exerts an irresistible force • — 
that crystal is always found associated with ice;— and the 
like, these and many others are examples how blind 
and careless men can be, even in observation of the 
plainest and comnionest appearances; and they show us 
that the mere faculties of perception, although constantlv 
exercised upon mnumerable objects, may long fail in 
leading to any exact knowledge.”* 

Dangerous as this fallacy is, logic can neither give 
special rules for avoiding it, nor determine when it has 

bwn committed. The latter point is decided by further 
advance in that particular branch of knowledge. On the 
former the only rule that can be given is the very general 
one that every observer should equip himself with as much 
definite knowledge as he possibly can both of the subiect 
under investigation and of cognate subjects. 

^ Herscliel, Natural PhUomphy^ § 72 . 

® Wlieweli, Womm Organon Eenovmum, p. 6L 
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testimony. 

1. Importance of Testimony.— -The 

experience eren for the most Tersatile and 
extremely small Were the individual dependent 
alone for his knowledge his mental outlook S]d£ 
and he could neither impart the results of his c— 
others nor become acquainted with their acMevS 
co-operative movement of science as well aa T 
ordmary Ilf 0 ‘would bo uou-oxisteDf "Rnf - 

cate the knowledge tW acquire to on a coiaiiimi- 

contribute botii to mdividual^good and +A 

Where the commimicaS Sktes trobS^^^^ 

competent personma™^ SZ ?? -^^*'°“? 

on accuracy. The &st annonTi-^ ^ ^dependent check 

radium an! ceriSi^lwoTeXst 

rity on which the facts have bL^a^pted ^8^^® 

s p»5*»trrs2” 

worker can cover the whole that no individual 

portion which hrsSst®^ehk"or’“l®"®"^ 

many of his data on authori^ and wl 

of them to others of his fellow-labo™ 

could not possiblv check tbo -nri/i i &®ographer 

apon wHc£ his observa&ns 

them might be J^ble of teStiS’^to V?'"- 
hfe, we are comnelled f a too, in ordinary 

which we have neither the and act upon much of 

to make sure for ourselves We^i^^^r opportunity 
long before we ever see it ®.s a fact 

confine our conception of it to ^o see it we do not 

observe. Thus a eood deal actually 
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Fnrtlier, tliere are many oocimrences wHci from their 
natoe can never be repeated. * Where the check of inde- 
. pendent repetition fails ns, ire are forced to a closer scratinj ■: 
of^the source from which the information comes. In no 
other way, for example, can we sift the facts which form 
the foundation of history. The past is past, and is only 
Impwn to^ us so far as some record of it remains. In 
studying it we cannot get into direct touch with the expe- 
neneeswe seek to understand: we know them only through 
tlia mediuin of one or many witnesses, who must go bail 
for the accuracy of the facts which they avouch. If no 
reliance could be placed on testimony when it is backed up 
by no evidence but itself, it is unnecessary to say how large 
a part of historical and sociological knowledge would 

crumble away for want of support, 

2. Value of Testimony .—Now it is obvious, that testi- 
mony varies considerably in value. Some we accept with- 
out hesitation, some of it as unhesitatingly we reiect 
while towards a good deal of it our attitude is one of sus^ 
Iiended judgment. ^ Every piece of testimony which is 
examined resolves itself, if oady we can carry the analysis 
lar enough, into an observation and a communication of 
the observation. Each affords numerous opportunities for 
error. Even the careful scientific observer, who in the 
quiet of his laboratory, or amid the restful scenes of nature 
IS most favourably situated for a calm concentration of his 
mind on the matter before him, is liable as we have seen to 
error. The danger of mistake is far greater when, as so 
often happens, the witness on whose testimony we are asked 
to rely was an active participator in scenes which he after- 
wards portrays. Barely has; the narrator of an historical 
event obsenred it with no other intent than to make a record 
for posterity.^ .Add to^ this .that any account .even of the 
»ceiit past will almost invariably reveal gaps' due to imper- 
fect recollection, ami we s« that a writer or .' speaker with 
a sincere desire to make his itetementsaociiiuto may easily 
deceive himself, ^ and hence in a:il good, faith pmpmm m 
false as true. ^ not- only 

wittingly deceived, he may of set purpose 'endeayoui*' tO' 
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01% attain a measure of suVcLf^W f 

»nd skill are brought to bear on the task?”°'^^ knowledge 
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: f I , ■; i } ; !f : ^ ^ ^ credibility ; but as a rule 
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the material for such an estimate is either scanty or, 
if copious, conflicting. 

There are, however, certain general motives which 
duce men to lie, and we may ask if anything in 
character or circumstances of the witness makes it 
that they were operative. There are some men with, a 
love of exaggeration which leads to habitual distortion of 
fact; others have an itching to speak, and cannot refrain 
from supplementing the defects of experience by the pro- 
ducts of inference and imagination. Many are swollen 
with self-importance and allow vanity to credit them with 
fictions that enhance their reputation. For is it uncom- 
mon for a man to recount the false and marvellous simply 
because they are attractive to him. But perhaps the most 
powerful motive to lying is some form of self-interest. 
There may the hope of personal gain, or the fear of 
impending harm ; there may be a party to serve or a cause 
to condemn. Truth ceases to be of importance if only the 
end in view can be gained. 

There is often no surface test by which to distinguish 
the false from the true : both wear an air of sincerity. 
Indeed in the case of the false this will add to the decep- 
tion. Literary skill is in itself a snare to a writer. The 
gorgeous epithet, the rounded phrase and eIo<juent period, 
»e easily coined from the clippings of veracity. Men differ 
in the control they exercise over tendencies to insincerity, 
and all do not feel them in the same form or in the same 
strength. But whenever sincerity is jeopardised the reason 
should be ascertained if possible, and allowed for so far as 
it invalidates the extent to which the testimony can be 
received. If what is vouched for can he estahiislied 
rejected by other means, then the good faith of the author 
ceases to have any logical interest. We are only concerned 
with it when it claims to be part of the guarantee of 
trutli, : 

Sincerity is logically useless Without aecuracif, and that 
is not easy to secure. All direct testimony refers to 
something observed, and may be marred by any or all of 
the defects to which observation is subject. It is especially 
important to determine how fe.r the recor&r of a fact 
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m a position to observe correctly. It is soMcn, tu ^ 
testimony is confined to a single incident nr 
cidents well within the range of an indiiH/? of in- 
Ireqnently the events described! either^ £nie°ofrt®^' 
complexity, or because of the wide area ot-^ ^ 
are spread, cannot be perceived by one man *mf^ 

description of a siege, for example,^would be fra^o ^ 
and disconnected if confined x ^^^g^entary 

one of those e^riTtL 

physical impossibibly for him to ta^^to ^ 

details of say an assault or a sortie essential 

or might not have given W;Sa 
Moreover, many th^s would hatmpn nf ^ w survey, 
be cognisant at the time • as ^^loh few would 

sMtations and plans of the l4ders Sc °on- 

of scrutinising tlie "narratiye of an A^tr^ 3aecessity 

which in all probabmtv cam« ^ *^o®e 

Men differ too 

features of a situation oSancr 

impression where another away a confused 

an orderly Xde <ietaUs into 

AfoctSor^S^entedtSe7^/®“ observation, 

words, and to thh f ^ <^iothed in 

accuracy. For even whlre th?/ 
bended correctlv Tev mJ! f appre- 

create a false impression ^We .*“go*Jier so as to 

the sub-consoioTS Lm wT,“w therefore. 

are entirely free. Enquirv shrmM^^®^’ ^ ^'’^thors 

writer has been led }>e m^e how far the 

particular aspects for descrilto^ + opinions to select 
of equal importance, ?how for t*® others 

to illustrate an idea whioli ^^^ts 

brought to them Wet if If but 

‘whig historian’ of toeir whlf^- 1®^ the works of the 
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epithet, and we must cut awaj aU such -disguised com- 
ment from wliat .purports to,, be a faithful narration of: 
fact. No matter what maj be the protestations of authors 
to the contrary, love and hatred often exert an influence 
on their judgment and imagination of which they are 
quite unconscious.^ Audit is imperative to ascertain their 
likes and dislikes in order to eliminate all traces of 
partiality from what they record. 

Memory in most men is notoriously treacherous. Its 
efficiency as a rule decreases with the lapse of time from 
the events which are recalled. For this reason it is a 
sound demand in all the natural sciences that observations 
should be noted down at the time when they are made* 
But it would be impossible to insist on a similar require- 
ment in the case of all testimony. The men whose writ- 
ings furnish much of the raw material of history did not 
mingle in the affairs of life, whether as actors or spectators, 
note- book in hand : such a procedure is left to the pro- 
fessional reporter. Whether rough notes are made or not 
the written document is the fruit of recollection. Then 
how many are the gaps that have to be filled in I In- 
ference and imagination lend their aid. Jagged edges are 
smoothed away, and a continuous story is composed which 
has all the air of a transcript from actual experience. 
The longer the interval, the more likely is the element of 
construction to preponderate.' "An old man*s memories 
suffuse the past with a ^ mellow ' light, and facts often 
recalled ' soon cease to be distinguished from accretions and 
confusions which, the' years have brought with them. , It 
is so even, for much shorter periods. A few hours or a 
few days are often sufficient' to blur a recollection. We 
must, therefore, ask how near to ' the actual occurrence is 
the writer’s description of it, and how far was the event of 
such a kind that it would l:>e., recalled with ease and dis- 
tinctness; and further, are. there any indications that the 
writer’s memory was in general trustworthy? Add to 
this a critical scrutiny^ of thnstetement itself, and we imy 
often make a fair estimate of the probabilitj that certain 


* CS. Casteleyii, Logi^m, p. 40 ®, 
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it inaj Imppea tliat tlie fomer will be sufficientlj strong 
to destroy: entirely tbe latter.”^ ' 

4 Criticism' of Indirect Testimony.— Tbe greater 
part of testimony readies ns indirectly. It is not often tliat 
tlie statement of an original witness lies before us. The 
historian as a rule presents material from various sonrces. 
Even when he states facts on his own authority we may 
reasonably doubt whether more than a small proportion of 
them are due to him as an eye-witness. Contemporary 
evidence is valuable because it is given by one who is 
under the influence of the age in which he lived, and one 
very often in a position to ascertain the truth. So far as 
the testimony is that of an eye-witness it must satisfy the 
requirements we have already set forth. But if it repre- 
sents facts that have been transmitted through the medium 
of one or more persons we must endeavour to trace them 
back to the source from whence they came. 

The first question to ask about any document will there- 
fore be— Who was its author ? The problem, may be per- 
fectly simple when we are dealing with a modern work, but 
in earlier times when an author did not scruple to issue his 
thoughts under a better known name and forgeries were 
common, and in ail cases of anonymous writings, a critical 
examination of style and content is essential To this 
must be added, more especially in the case of manuscripts, 
an investigation directed to the establishment of the text 
approximately as the writer wrote it. The errors that are 
made in copying works that have come down to us in 
manuscript form are numerous, and need, special know- ’ 
ledge to detect. Closely allied with these two enquiries 
will be the. deterniinatiott of , the. time- when the document 
■ was first .written. All these matters may searcelj present 
themselves for special investigation in-. the case of compara- 
tively recent works. But we -cannot .make an estimate .of ' 
the value of testmion.y to fact in any writing- until weha?e ' 
satisfied ourselves about its authmiticity, ;iat 0 gri.ty, ■ and 

Thea we may begin tbe task of tracking to tbeir souroa 


* Rabior, Logique, p. 3£i3. 
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tile statements of fact which the work contiin^ a 
preliminary to this we shall endeaYour to dlv^t Vl ^ 
the comment or amplification in which thev llf * 

It IS not often that the exact oS of 
determined so that we are face to face witf ^ 
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^ Of. Rabiftr cp, cii., p. 326. 
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NATUEB OP HTPOTHbsBS. 

mi "S'a.t^SS-sSsr;*^- « «■ 

to find tbeir true pla^e SiTsTstem^nl1f'°“,^. 
interpret them is to determine^ttrrrfLvf®''^®^^- 
bold to one another and to tlie rest ^ *% 
ledge to which they belol TiJ miS® 
interpretation, and go proLdsX 
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as CUfford reminds ns, “ Scientific thonglit does not mean 
thought a,bout scientific subjects with long names. There 
are no scientific subjects. The subject of science is the 
human umverse; that is to say. eve^^thing thaT^ or has 
been, or may be related to man.” > In scientific thouSit^ 
no matter wha,t the subject-matter may be— every meu- 
larity or irregularity in the occurrence of events fo/ which 

gSrS™ La tS. tSa”- 

2. Origin of Hypotheses.— The 

theses a,re suggested cannot be tabu 
suggestion is purely individual, ai 
general rules. T ' 
acquaintance with the fMts almost 
to them. Others, and often the most far-reac'hino 
the insight of genius to fashion them. Thus men differ 
much in their power and readiness to frame hypotheses 
One kbonously determines facts, but is slow to^ee their 

ture^to hir^w^^rt^^ ^ pnme the luxuriance of conjec- 
Sc oenimt Bupestive. The man of scLi- 

* *Rnt eliminate the personal faotim 

miS?™on°^tS — of hypotheses depends so 
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ft; oX^XS " -idfCwMg: 
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toSui ^ remain fruitless. Perraudin, an 

+w of chamois, conceived the idea 

Hocks of rock scattered about the valla v 

S Tt ^ transported there 

oy glacial action. But without the special knowledge and 

‘ Miaaps.p. 86. 
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* Of. NaviJle, Za Logi^ mgpotMte, p. 42. 



ORIGIN Of HYPOTOBSSS. 


** Malus clianced to look tkroiaglpi a double refracting prism 
XT setting sun, Inflected from tlie windows 

01 the Luxembourg Palace, In turning the prism round, 
he was surprised to find that the ordinary image dis- 
appeared at two opposite positions of the prism. He 
reniarked that the reflected light behaved like light which 
had been polarised by passing through another prism, 
lie was induced to test the character of light reflected 
undei other circumstances, and it was eventually proved 
Wiat polarisation is invariably connected with a-eflection.’^^ 
ilias latter case shows very clearly that, though accident 
had a share in the discovery of the connexion of polarisa- 
tion with reflection, yet it was an accident that would only 
have occurred to a student of optics. And so it is gene- 
rally m such cases. The accidental occurrence would be 
unnoticed by a mind not stored with knowledge of cog- 
nate classes of phenomena, ])ut to such a mind it is rich 
in suggestion,. 

The scientific worker whose mind is rich with the facts 
and laws pertaining to his special study is in a position to 
estimate the limits within which current explanations are 
satisfactory. The jx^rception of these limits defines to 
prae extent wliat is unexplained, and suggests the direction 
ill which iiypotheses are still called for. Frequently a 
phenomenon is explained by established laws, and jet there 
remains a discrepancy between the facts as they are ob- 
seived and the facts as they would be if the known laws 
accounted for the whole phenomenon. The orl>it of the 
planet Uranus was ob.served to deviate from that whicli it 
would have followed if the attraction of the then known 
planets, liad been the sole influence of the ^ kind to which 
it w^as subject, fldie deviation led ix> the liypo thesis that a 
planet as ,yet undiscovered existed, whose orbit was further 
removed from the mm than was that of Unmus. This 
was proved to be correx^t by the discovery in 1846 of 
Hepfune. The hypothesis could not have occurred to 
men unfamiliar ^ with the ^achievements of mathematical 
astronomy . So in other sclencasenqiiiry into slight devia- 


^ Jewaw, Pnncipim qf p. 
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Kepler records that be adyanced * x^’^®' 

ie afterwards disproved before bA 
statement of tbe^laws of Iw ® *he true 

bmdicapped by the backward statA ^ motion. _ He was 
Had that study been rnom iiis day, 

it is probable that be would mucb saI Mtually was, 

third law-tbat tlm sqSresTf .bT^^^® «Pon bis 
sev^ planets are proSional t^^b^!’^^®'^° ?T®. 
distances from tbe sun. For as Wbn °’^,^®® tbeir mean 
cess of connecting two classes ®T' “ Pro- 

tbeir powers is obvious onlv +« ^^^ritities by comparing 

fc. oS'£Sa“l,"lt?ir‘*5^ 

s- full explanation of tbe faeb« tv. finally does lead to 
Sometimes a false bypotbtsis iV d waS 
sequences worked out m detlu u e ^t® ®om 

fiecomes apparent, at others it^ia^t«°^® 4 ^^® madmissibibty 
as formed. Wrone- rejected almost as soon 

ones; and that fre|ue^Uy*SX^r^''^^-^f“^ 

"^onsr fiTiAsano ;» ^ same mmd. ‘‘To trv 

npon light ones.”* 

guesswork. la ^lost cases tS’ ^^guided 

quirers have shown more ®'ttempts of previous en- 
explanation must be so^bt eftf direction 
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: B. Testing of Hyfotlieses-— Every Ljpotliesis, tHen, 
must "be held subject to revision. The truly scientific 
thinker has none of the spirit which says If the facts do 
not agree with the theory, so much the worse for the facts.'* 
It was against this spirit— this assumption of hypotheses 
on little or no evidence, and obstinate adherence to them 
without much diieot reference to the world of fact — that 
Hewton protested when he said hypotheses non fingo^ On 
the contrary, to the true thinker, as Brown says, hypotheses 
** are of use . , , not as superseding investigation, but as 
directing investigation to certain objects, —not as telling us 
what we are to believe, but as pointing out to us what we 
are to endeavour to ascertain,*** 

As striking examples of the true scientific spirit, 
Whewell quotes Kepler and bfewton. The former not only 
most earnestly and carefully %vorked out the results of his 
various hypotheses as to the orbit of Mars, but never 
allowed the labour he had spent upon any conjecture to 
produce any reluctance in abandoning the hypothesis, as 
soon as he had evidence of its inaccuracy.”^ 

A similar spirit was shown by Newton in respect to his 
hypothesis that the moon is retained in her orbit by the 
force of gravity. Prom this hypothesis, he calculated that 
the moon ought to be deflected from the tangent of its 
orbit something more tlmn fifteen feet every minute. But 
the apparent deflection was only thirteen feet. This dis- 
crepancy, comparatively small though it was, Newton 
accepted as a disproof of his hypothesis, and laid aside 
at that time any further thoughts of this matter,’* critical 
though the supposition was to the theory of cosmical gravi- 
tation. But some fifteen years later,- the distance of the 
moon from the earth had been 'more exactly ascertained; and 
Newton repeated his calculations, working with these new 
values. The agreement between the calculated and the 
normal actual deflection was then' .s^n to be remarkably 
precise, and the hypothesis became an established theory, 
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4. Desojaptive and Worfemg Hy»otIiese«! — A n e 
theses, then, must be held subject to^vision moffifeja?™' 
or eyen rejection. But it does not foUw that^f,^ 
wM i, Mr dkpro^a 1... C 

well imagined lijpotliesis, suggested by a real l 

of the facts dealt^th, opensfut a line of ? •? 

IS mrelj fruitless. As an examp wf S te bl 

Ptolemaic hypothesis of cycles and epicycles to accoimt fm 
tbe motions of tbe sun, moon, and planets 

thesis enabled the ancient astronomers to ealculafo +i^°' 
motions with considerable accuracy and 
“of immense yalue to the progress of astronomical sciLM^’ 
for it enabled men to express and reaso-n nr^An -rv. j 

tant trutlis wMob tbej discovered resnectinjo* f Jppor- 
the stars up to the time of T5& W 

was essentiaUy false as an explanation; for JasSmerfe 
eaitii to be tlie centre round wMcIi all IrA'^trAni i 
reyolye, and the motions of all such bodies to belfrcS®' 

lesemblanee to the characteristics of somethin^ with whose 
properties we are familiar TIia I* ^ wnose 

tS 3 Sm? "p ^ “ * *«™ »< 

m« , IijTK,tl,e,i. i, p,ori,iomBj assumed m a. guide 

I °P- P. 84 . 

i., European Thought in the Nineteenth Century, 


,j §5] CONBITIONS OF mLXBITT OF HYPOTHESES. 8<U 

I to enquiry, it is temed a It furnishes 

an expression of the facts which is recognised as only pai’- 
tially adequate, and yet seems indispensable for fni'tlier 
advance. As Jevons says : ** When [Professor Huxley] 
advocates the use of * working hypotheses ' he means no 
doubt that any hypothesis is better than none, and that we 
i cannot avoid being guided in our observations by some 

hypothesis or other.” ^ Thus the corpuscular theory of 
light and the Ptolemaic theory of astronomy were both 
essentially working hypotheses although at one time each 
was mistaken for a real explanation. ■ 

Of such hypotheses more than one may for a time appear 
to be equally true : the facts in question may be expressed 
in more than one way. Many of the observed facts of the 
motions of the heavenly bodies could, for example, be as 
accurately formulated on the Cartesian hypothesis of 
j vortices as on the IsTewtonian theory of. gravitation. ' But, 

as other facts were accurately observed and measured, tlie 
hypothesis of vortices required a continual series of modi- 
fications each of which made it more complex than before, 
while the hTewtonian theory was found to explain these 
new facte as well as those for whose interpretation it had 
been originally suggested. Thus, the necessity of relating 
the original facte to other series of phenomeim furnishes a 
test of the truth of a working hypothesis, and as it is only 
j , .in such a relation that explanation can be found, so only a 

j ^ working hypothesis which ultimately admits of explanation 

! ■ . can be true. . 

; However, a working hypothesis discarded as .untrue may 

still be retained as a ready means of expressing iii.any of 
the facts. In optics, the so-called corpuscular theory of 
light is still used with advantage m a convenient means of 
- summarising the laws of reflection and refraction ” 

5. Conditions of Talidity of Hypotheseis. 

(a) Stafsmsni of Oonditiom* Every hypothesis is an at* ' 
tempt to find moaning in observed phenomena, .to constitute 
reality in a rational way. It follows that the fundamental 

^ ' Meirjs,' 4#2..,.': .. 
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NATtrsfe oi’ Hy1»othbs»s. 

the imiverse. This general omA^- * to thmi 

•Merd >, aTOlTOj rabor£te“™lS;ioZL** 

(1) That the hypothesis be self-consiqfo,i+ :i • 

inferenS^conseqScfr deductiye 

formatioTof ew^°h^Se2r n?^matf ^ 

a character it hwe- the thL^fa*!^ provisional 

acceptance of a hithesis as t™ ®f ^e 

re^ir^SST^Sd^Sno?®* ®0“ditwn.-The 

which would be incomsteXt,^? not myolve consequences 
saiy. That it swT.^ obviously neces- 

reaHtjas hioTOmugf of 

/ is always a presumption 

I diets a law which hL been found to contra- 

f range of fact is scarcelv wo^^to^ over a wide 

be rightly disindtoS to 

imphed the complete reversal^ JS “'i ®®Sg®®*ion which 
Yet tlieories have been rfiPAivo/j of gravitation. 

has shown to be false ^ thought 

ot the Wns WMsubsSi 
the hypothesis is first fonnula^^+>,*^^^®^®’ ’^sn 
sistency which constitutes a^fi^it? f ™®®“- 
reiect in the intereste ^ ^ ®r t® 

accepted as an explanation J bas been previously 

new hypothesis held co^urretol/ w>i *^^® 

tent with itself; on the theones inconsis- 

theones are modified and brout^hV^w previously accepted 
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science adTances, tie probabilitj that necessity will arise 
tor any such thorough-going revision of our concepts as 
was involved in the acceptance of the Copemican theory or 
the doctrine of evolution becomes continually smaller. 

Second Condition.— It is impossible to infer any con- 
sequences from the absolutely unknown. As Jevons says : 

We can only infer what would happen under supposed 
conations by applying the knowledge of nature we possess 
to those conditions.”*_ Hence, our hypothesis must be 
always in accordance with some analogy, or "based on some 
«pmence ; otheTOse we can draw ho conclusions from it. 
lo quote Jevons a^m : “"Wheh we attempt to explain tb'e 
passage of light and heat radiations through space unoc- 
cupied ^ mtter, we ims^ine the existence of the so-called 
dher. But if this ether were wholly different from any- 
thing else taown to us, we should in vain try to reason 
a^ut It. We must apply to it at least the laws of motion 
that IS, we must so far liken it to matter. And as, when 
applying those laws to the elastic medium air, we are able 
to mter the phenomena of sound, so by arguing in a 
similar manuOT eoncerning ether we are able to infer the 
existence of light phenomena corresponding to what do 
occur. All that we do is to take an elastic substance, in- 
crease its elasticity immensely, and denude it of gravity 

« properties of matter, but we must retain 

siifdoient hkeness to matter to allow of deductive calcula- 

tlOES, ^ 

then, should not be mere arbitr ary fipfioT'a 
IndMd, if they turn out to be true, thepwiU always 
be hypotheses with a vera eama? For a true cause is 
one whose assumption is necessary to reconcile observed 
data. ^ It need not be already known to exist : it mav be 
connived for the first time when suggested as a possible 
explanation. Nor need it be open to direct perception : 
that would rule out such fruitful theories as the atomic 
constitution of matter and the assumption of a lumini- 
ferous ®ther. But it must be in real and necessary relation 
to the foots we are considering. If a hypothesis deals 
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deje«U .« the C 

IS to express the relatioas T^hioh erisf V? 

obTiously essential that the hypothesis 

by comparison of the results dSnced fromit tifi® 

observation. In order that +li,-o 7,„ i i of 

that the consequences of the hypotliesis ®®®63itial 

with the utmost precision and^at +W ^ inferred 

consequences with the facts shoidd be of these 

and accuracy. The hypothesis Tn,ic+ ^ 

place agree fith tbe&St'llnvSdS^f^^ 

But we must not rest satisfied with Tis X™ f 

pared with facts of the ui-eatest Tin=7n 

plifying every possible else which caJ be7iX*^{.r‘^ f ®“' 

must be made clear first fh£- Ih reality. It 

rightly grasped— that thpv <^PPosing facts have been 

bfpotLIs. t£ tons *® 

should be made as to whether tbps« 7 ^be case, enquiry 

^rtly determined by the existence rfXuf T 
ditions, in the absenm nf T, 4 r- ” interfering con- 
agreement with the bvnpfH would be found in 

With the h3?pothesis conflict 

fication of to latter “‘o®- 

I tie hypothesis is 

I it facts which have-not ^rom 

I have even been unobsemr ^bich 

“prevision is the test of tniA ® saying that 

absolutely as a hyMtosiaXo *b«o/y cannot be accepted 
not enabte the di^^w of ®7®“ ‘bough it does 

on the other haS^^Xl Pi’cdicted, and. 

Ana, predictions may sometimes be made 
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successf ully from a false hypothesis. Tell^l douMes»( !f 


one of the tests of the validity of a hypotliel&.i^V ^ 

^Tlieliistoiy of science is Ml of such 
' diction. ■ Thus, for, example, the discovery 
predicted by deductive reasoning from the 
gravitation. Otlier instances of deductions from the same 
theory are thus summarised by Wiieweli: The attraction 
of the sun accounted for the motions of the planets; the 
attraction of the planets was the cause of tlie motion of the 
satellites. But tii is being assumed, the perturbations, and 
the motions of the nodes and aphelia, only made it requisite 
to extend the attraction of the sun to the satellites, and 
that of the planets to each other the tides, the spheroidal 
form of the earth, the precession, still required nothing 
more than that the moon. and, sun Bliould. attract the parts 
of the eai’th, and these should attract each otlier ; — so that 
all the suppositions resolved themselves into the single 
one, of the universal gravitation of all matter.’'^ 

Another example is Whewell’s own prediction that as 
the tides of the German Ocean consist of interfering tidal 
waves, one coming round the Horth of Scotland and the 
other through the English Channel, there would be a point 
about midway lietween Lowestoft and Brill on the coast of 
Holland, where no tide would be found, the two inter- 
fering wavegs exactly neutralis.ing each other. The ac- 
curacy of this prediction was established during a survev 
of that sea. , , 

The next instance, we .will -take is a, striking one as it 
shows how it is permissible to maintain a clearly conceived , 
hypothesis, even though results may be deduced fromdt 
which are at variance with' present experience,, if it can be 
shown that it explains these exceptions., . It is thus re- 
corded by Herschel: *‘When Dr.,' ■Hutton' expounded bis ■: 
theory of the consolidation of ■ rocks by the ■ application .of 
heat, at a great depth Mow the Mi of the ocean,' ami " 
especially that of marble by actual fusion ; it was objected 
that, whatever might be the case with others, with cal- 
careous or marble rocks, at least, it was impossible to grant 
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sucli a cause of oousoKdation, since 
substance and converts it into SSiS 
carbonic acid, and leaving a substlnc^ p 

rTpKeTttif ag|lutLXrb/^:2“* 

being retained, it ] ' 
to the compound whicb tbe 

next generation saw this 
observed fact, and 
James Hall, who 
retaining its carbonie 

Electricitj quoted by Jevons, 
bad proved exopTi-mnn+nn— ii- * ■ 


,^fgMnation by heat. To 

escape of the cart)o;k^?d'^“ 
mgbt be expected to give that fn 

simple qmeklime wanted 

verified W converted i 
a,,* fhe direct experimenft 

»»c^a in 

“Is 

^ one from tlie tli( 

iiad proved expeiimentaliv tW soon as Wliea 
occupies time, Faraday 
^gaeity, that if the cJnducSl 
the coatings of a large Levdeniar +tf °P““ecte( 
tion would be lessened Th?f rapidity of cc 

fled for sixteen years until remained u 

beneath the ChLiel A^comidp 
electric spark was tbAn /°“®J‘^?rable retardation c 
pomted o^t L^he X 
a Leyden jar on a large scale ^ 
through the cable veriled his rdS of 

7 . Crucial Instances. — ^It Lai 

necessary tn^ P "- iiA- - - 
on onTv one nf +hfwrrr^TS5^95°® 'w^hich 

tion only, is more S^e°thli'°^ 

agree in all points ^™^ed others v 

equally well explained onan ^jpotliesis, but 
a test case is called a ^ lijpothesis.”® C 

* PhUoec^ny, s 299 * ,> - 


!?S^L!25®^es that two 
ml ^g ^aTgreait iinlh. 

^S^^a^SeJlFia.. 

Feberweg puts 
cf one exptaa- 

J'''Wliicb.. 
Sueb'': 
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absolutely negative ^ne hypothesis, and at the same time ) 
i .confirm another/,..^ ,/ 

(1 ^ most remarkable inafaTicfi in Hcienofl in 

Tigil^iclLjmy..phenp ffiena were eqnallv veil evp laiTia.blfi on 
eit her of two incompatible hYPotheaes, was, perhaps, mlh e 
Cfl se - of - 3hfl lnTig_ xi YaIry betw een the corpu^ilar ajiy^Ttn 
uadulator y kypothe se a^ Ughfe “ it is reifiSEabie,” says 
Jevons, “in how plausible a manner both these theories 
agreed with the ordinary laws of geometrical optics, rent- 
ing to reflection and refraction.” » But “ if the undulatory 
theory be true, light must move more slowly in a dense 
refracting medium than in a rarer one ; but the Newtonian 
theory assumed that the attraction of the dense medium 
caused the particles of light to move more rapidly than in 
the rare medium. On this point, then, there was complete 
discrepancy between the theories, and observation was re- 
quire to show which theory was to be preferred. Now 
by simply cutting a uniform plate of glass into two pieces, 
and slightly inclining one piece so as to increase the length 
of the path of a ray passing through it, experimenters were 
able to sliow that light does moTe more slowly in fflass 
than in air.”“ 

Another experimentim crude in connexion with the same 
two hypotheses is related by Herschel. TTe naya • «« Whcp 
clean ^IaBje6,araJaiilime on the otheii if theyjbe 
not per fectly flat, but one or both in an almost ii^rcep- 
fa ^degree co nvex,or prom inentTli eautiSir and nvid 
goloui-s will seen b etwee n them ; and' iFtiiose be view^ 
t hrou^ a red glass , tSeu- app earance will be that of altsr- 
hate dark and brigh t strip»,J3jfiae_atodpeaj,re formed 
Sgtogg^he^w o sur f^ies^uLApparent, contact,, B.a^ny£^ne 
mgi^atis^imself bj^using, inst^ of a flat fhiiot gdass 
for^ej^srraela Imng^-iha^^m^ dalled 
hie a CT^-comered stick, and lookmg through the in- 
clined side of it next the eye, by which arrangement the 
reflexion of light from the upper surface is prevented from 
intermixing with that from the surfaces in contact. Now 
the coloured stripes thus produced are explicable on both 
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nature of hypotheses. „ 

McoXg as oJfoSe Shef|eoi“® “ ®cumstaaee 
them. In the case of the Jlt^F ^ «“P%ed to eSfn 
doctrme, tBe intervals betweS the if ^ j-*|® undulatory] 
appear- ahsolufely • ought to 

so viewed tbluugb a prism Tb« wbi 

ence was tried as soon is the ormf- case of differ- 

mimenU theories that 

two explanations of a pbenomSp menSer 

yiment is required. F?fSZf'- an 

nature nf instance, m . ,, 


Vi. one molecular struefiivn ^-p tlie 

compressed are the mSl IL the gas is 

are they only brought near^ to m compressed, or 

former is the casp +1,^ d . other? JVow if ^■^^ 
"ill be elto^iS “±,'’ of ttf SlSdi 

If, therefore, the rates of vibm^J^^ f molecules, 
pression of the eas tbp e,,!, changed bv corn- 

same colours as before; but Wer intercept the 
brought nearer together tbp » molecules are simply 
mtercepted, but to a Setter pT 

shown to be the case b^Zei^Z i -P? being 

compression of tliA 0*00 ^ ®^P®nment, it is proved tliaf 
in^vidual molecules of which 

brings them closer togefe ^ composed, but simply 

^ ,; , I I ; 
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i CHAPTER XXX ■ 

? , THB IN'CHPTION O^F BYPOTHmWB. 

' . Begiaiiiaigs of Indnctioa,”— Hypotlioses are 

Buggesteci to the mind by observed experience, but they 
occur only to that mind which can use what it already 

knows to throw light on the facts. The aim of every 
hypothesis is to bind together into an intelligible whole 
' experiences otherwise disconnected. Thus 

at. the basis of each is a real or imagined likeness between 
things or events. 

The likeness which first strikes the mind is that of 
external observable resemblance. The mind tends to 
generalise uncontradicted exprarience into universal law. 

ijogjcally this is the first suggestion of a hypothesis that 
such resemblance is really ■iiniTersaI-»-*a hypothesis which 
I deserves consideration font which . cannot he taken as 

I. attempt to show that it is true mnst pro* 

f ceed through examinaition of the nature and relations of 

j the facts involved. So is reached likeness of a more 

inndainental kind — ^one not always open to direct observa- 
passed- from: obvious resemblance 
whmh can be enumerated to that deeper likeness which Is 
strictly called analogy. But -the :fact that a suggested 
explanation has its analogue ■ in some other relation known 
to exist does not prove its truth. We ^ are still, then, in 
the realm of hypothesis,; the eskiblishmeat of the sup* 
pomtion as true has jot many stages to pass through. 

lliese two initial stages, however, are of sufficient ini* 
portimce to desem our serious considemtion of their logical 
value and function, ■ ® 

:m 
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2. Enumerative Induction.— aeaerally it may ho 
said that ereiy obseryed regularity, of connexion beWit 
phenomena suggests a question as to whether it is uni 
yersal. To take a simple example from mathematics— it 
IS easily seen by simple inspection that 1 4. g r:: o- 
1 + 3 4 - 5 =:= 3 ^, and so on. Tins suggests tbe bypotliesis 

that m eyery case the sum of the first v, odd nuinhers will 
be equal to Such a hypoiiesis may be tested by 
additional examples, and as it is found to hold in a con 
tmuaUy mcreasing nmnher of cases, the probability of its 
holdmg uniyersally is strengthened. But it can never ho 
more than an empirical law-that is, a description of 
lyhat relation actually does hold-until its necessity is 
established by a consideration of the essential properties 
takes us beyond mere enumeration 
Such mduetive mference does not start from wholly 
unorganised experience. Ordinary speech can-ies with it 
an enormous amount of preliminary organisation. In 
learning general terms we are learning to class things 
actions, and quahties together, so that their points of re- 
semblance are, as it were, forced on our notice. Were it 
not for the general name ‘dog,’ for instance, would the 
thinking together, as members of one class, animals which 
show so msmy (hfferences of size, form, and colour, be as 
a^terid^'* Evidently it would not be so readOy 

thteof ^fficulty of induction. The 

thmgs marM out by common speech can be thought in 

y^tions of hkeness to other things, and therefore 

of a® a product 

f according to the 

at the time we must determine 
a? 1 x 7 ™ relations the particulars we 

it7>]f thought. This determination is 

reUWo!! hypothesis— that the ground of the 

7 f ?rC ^ ^^tlhn that set 

fl 1 is very possible. We should, 

for examnle. bo excolhnce o£ 
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ail pictures from tlie recognised excellence of a few we 

none bat adinii-able examples 
come witbm our purview. _ But if we take as a narSS 
class withm^tbe genus ‘picture,’ the pictures painted by 
one great artist je have a more probable ground for tS 
expectation that new examples of that class will possess 
not only excellence but excellence of the kind exemplified 
m tlie pictiires we have, exammed^ ^ 

wide a class as our first workint** 
of result. ■ Suppose, for exampkv 
observed to move f reel j in silver 
o obvious concepts under wliicli 
and The 

1^7 Will be different according as one or 
adapted. If we takci the ;first, our 
, * In ail metals electricity moves 
c iin!t bo correct: if we take tim 


and copper. The.re are t' 

‘ silver ’ and * copper ’ fall 
direction of < ^ L 
f iu3 other of the" two is a . 
attempted generalisation, 
freely/ will as a mailer oJ 
second and assume that 
substances/ the assumpti 
based on it will be loore i 
to the true concepts undea 
---compieiors in which eh 
in which it does not. In 
really need are not fully ( 
vestigation, and as a, rule 
already named, mercdy se 
the eiicpiiry. 

Now when from obsen.._ 

proceed to a universal relation we ha 
third figure, which regarded as an at 
tive inference is, invalid. We have < 
individuals n, 6, .n, d' .have .the- oual 
: classed a, d iindt3r the elass-nan 
premises 

Qf bt €f d., me P, 

b, €f d, me S. 

As S is undistributed we have ■no. 
aswrting that ever^ S ib Pi but ii 

possible truth. 
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if™ 

fcha enumeration of the contents of fie class ^ 
hays already seen to be incapable of viVlili’Tirf » 
ance that fP is so connected with the natolof S^atT-' 
necessarily present with it. To rLch a ^ 
p.»ble Uj « an 44“? & ‘““b'; 
its©li ©nuiEiGratioii can never cPAf* liAirA-r»^ ^ i i 
wHcL, wMle it may be Mgb eSouffli^or ' 

has no theoretical certainty. If we had iwthin 
contradicted experience to go upon we conM ha/ 1 7 ^^" 
js n uniwsnl La a.t &I S I e, 

JSf,‘£e“L5r‘ »' »-=4re^:i 

We must, then, take the other line and r.rr,f.«a,q 

mdSgaeil'iin “?■ 

Jf see m ae Ittf i, 

toSal 5*^“* ? «“ ■“««■ in Imni Hm 
aenote this by X, we have the premises 

' : it; >■» iftJi ; - Pis X, 

' , i' ■■■. .’. ; S is Xi 

sslfpssss 

3SSS~s«SL“ 

find sonmthim> account for this we seek to 

nnd somethmg m common between a. 6, o, d which wiU 
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explaiu P. In other words, we searcli for an S under 
wliicli to class a, b, o, d, Now the first S suggested is 
schools— and that is obviously insufiSeient for our purpose, 
We may then seek among such specific divisions between 
schools as are given by local position, character of build- 
ings, social class of pupils, number of pupils. If we find 
agreement in any one of these points between all the cases 
of abnormally successful schools we have a ground for 
trying to pass on to the analogical argument. Por ex- 
ample, if a, b, c, d seem to agree in the social class of 
their pupils we should ask whether that involved any 
conditions especially favourable to study, as, e.g. oppor- 
tunities in the way of books, of cultured help from parents, 
of a quiet room for work. These would form the X of 
our analogical argument, and we should infer a probable 
connexion between facilities for study and success in 
examinations. 

But if a, b, Q, d do not agree in any such points we 
must seek further for our 5, and we shall natin-ally look at 
the teachers employed and see if we can find there any- 
thing differentiating a, b, o, d from those other schools 
which are less successful in the examination. If we can- 
not, we obviously have not a sufficient 5; if we can we 
liave an S m which we may find the bond of relation to P 
in superiority of skill, of industry, or of numbers. 

Analogy then takes us an important step beyond mere 
enumeration. It is our first tentative effort towards ex- 
planation, and it rests on resemblance. Now as resein- 
bknces are of all de^ees of importance to the relation we 
wish to establish it is evident that the probability of our 
conclusion may be of any degree of strength. If the X is 
superficial the argument carries little or no conviction. 
The inference that any other planet is inhabited by living 
beings like ourselves has no force if it is based only on 
the fact that they also are members of the solar system. 
To the extent to which conditions essential to human life 
can be shown to exist, say on Mars, to that extent the 
argument to the probability of the existence of ‘ Martians ’ 
is strengthened. 

Arguments from analogy may thus be extremely supar- 
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ficial-of rhetorical rather thaa of logical force. Oa th, 
other hand, they may be of considerable cogency. Everv 
thing depends on the nature of the resemblance If iM< 
reaUy the ground of the P we are inferring-then we W 
raly to make sure of this to pass from analogy to proof 
We are seeking that bond of identity between our S and 
our P So long as it is only probable! we are on the lerd 
of analogy: the more we can strengthen that probabmtT 

‘essential/ are relative terms, and point beyoSemseW 
to somethmg m relation to which the ‘iSrW lid 
‘essentiality is punded. A characteristic^ isIXrtS 
for one purpose, but unimportant for another- aS K 
importance is so great that without it the former purnose 
cannot be achieved, we say it is essential Essentii^^w 
means ‘ essential for the end in view ’ Thnc ’ 

the conception of puipose or end. 

This is easily seen when the cases with which an in. 
concerned are purposive works of man. Por 
example, by analogy we conclude that certain flints found 
in the earth are remains of weapons, because they w 
^rks of artificial shaping of such a kind as to^adaot 
them to be cuttmg or piercing instruments, and corre- 
spotttW, moreover, to those of flint weapons madrand 
us^ by savages at the present day. Sim^rly we should 

InL ^ ' cncket, because the afiaxing spikes to cricket 

SSil Ii as the perfeotibn of nature 

r^Aed ^i^h a long course of evolution. But inference 

then the nature if souS S 

£>wlSJ^thf is to atfaiin 

mowj^eage ot the common ongxn of divergent soecipfi nf 

«rgau«u u ths »' 
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analogy, tliose marks wkich tlie course of erolution is 
likely to kave left largely unmodified ; and they are not 
generally tliose wMck are most striking as points of reserct^ 
blance. 

From wliat kas just been said it is evident tkat the fore^ 
of an argument from analogy depends upon the charactoi^ 
of the identity, and not upon the apparent amount of 
similarity. As Mr. Sidgwick says ; Whenever * degree ’ 
or * amount ’ of resemblance or difierence is spoken of, tii^ 
student must remember that, for all purposes of reason., 
ing, a resemblance or difference is great or small, not 
according either to its power of strildng the observer’ll 
notice, or to the number of * points ’ (or details) into whiel:], 
it may be analysed; but according to the importance of 
of its details in regard to the matter in hand.”^ 

Nevertheless this mistake has often heen made, even bjr 
writers on logic. Thus Mill says : ** Since the value of aix 
analogical argument inferring one resemblance from othe^' 
resemblances without any antecedent evidence of a coix^ 
nexion between them, depends on the extent of ascertained 
resemblance, compared first with the amount of ascertained 
difference, and next with the extent of the unexplored regioi;^ 
ofunascertained properties ; it follows that where the reseni .. 
blance is very great, the ascertain^ difference very 
and our knowledge of the subject-matter tolerably exteu.^ 
sive, the argument from analogy may approach in strength 
very near to a valid induction. If, after much observatioj^ 
of B, we find that it agrees with^ in nine out of ten of 
its known properties, we may conclude with a probability 
of nine to one, that it will possess any given derivative 
property of /I.” 

But we do not number but weigh our instances 
analogy. And if we wished to numlDor them, how could 
we do so ? Who shall decide as to whether a given poiut 
of identity or of difference is one ‘ property ’ or a doi^ien p 
It is all a matter of arbitrary mental analysis. * Properties ’ 
are not isolated and separate individualities, which we can 

^ Process of Argument, p. 104, note. 

® IfOgk, in. XX. § 3, 
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count and enumerate as we ca 
therefore, meaningless to speak 
nexion j for a ratio requires 
unattainable. Moreover, it ii 
number of * unknown* ; 
them known, and therefore to 
unexplored region of unascertained 
into a contradiction in terms 
JTor must it be assumed that 
turnishes a probabihtj agains 
If d;he points of resemblance 
difference maj be disregar 
of difference are essential 
will make the 
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But, in so far as our instances differ, tliese differences 
caJl for explanation, and wlien tliis explanation shows that 
they are not essential, but merely accidental, in relation to 
the purpose in view, the argument from analogy is con- 
firined; though it must be borne in mind, that this oon- 
firmation can never amount to demonstration while the 
inference remains analogical. Thus, in the example just 
quoted, the striking differences of the different varieties 
were shown on investigation not to be essential ; that is, 
they were proved to be due to the course of evolution and 
not to the original common nature which was the subject 
of investigation. 

(iii) Fallacies incident to JLnalogy. — It is evident 
that the use of analogy is peculiarly liable to lead to 
fallacious inference. If the analogy is a false one, the 
hypothesis suggested by it will be wrong and the en- 
quiry will be started on a false scent. This is con- 
tinually happening in scientific investigations ; further 
examination of phenomena constantly leads to modification 
or rejection of the hypothesis. In the former case the 
analogy on which the hypothesis was ba^ed was partly, and 
in the latter case wholly, erroneous. 

When an analogy leads to a hypothesis which is after- 
wards found to be only partially true, and, therefore, to 
need modification, it is because the force of the analogy has 
been wrongly estimated. The analogy is really present, 
and really suggests a hypothesis of this general character. 
But the points of identity have been allowed too much 
weight relatively to the points of difference with which 
they are hound up, and, as a cpns^uence, the hypothesis 
is found to break down in a detailed application. Here, 
it will be seen, we have really a fallacy of non-observa- 
tion of conditions as the starting-point of our false 
analogy. 

One special case of false estimation of the force of an 
analog is when the exact point of the analogy is missed. 
In this case, points of identity which are important re- 
latively to one purpose are made the basis of an analogy 
directed to another purpose. The importance of points of 
identity we have already seen to be relative to purpose. 
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To_appIj to one end an analogy wMcli liolds fm- 
end may, therefore, yield a hypothesis whSh may ft 
any degree of maccuiuey— partial or totsl-_To„„^^- ® . 
the remoteness of the two pm-poses from each otheiftS 
argument, humorously put into the mouth of 4 o;;;+ i 
Plato in the BepuUic, “that if iustiee coTi=ii«f« ■ 
property safe, the just man must be a kind of 
the same kind of skill which enables Tumu 
property, will also enable him* to steal it”? I 

stance of tMs species of false analogy. The idLtitv'^' 
skill IS not important in referonpA ^^^ntitj m 

kind of activity The just man is not merely one wL^?! 
but one wko doeSf keep property safe ‘NTn^ 
capaeip/ of preserving prope^ may be identi( 2 °S the 
capacity of appropriating it, the act of preservin Jis^oS 
tainly veiy different from the act of appropriaW ” ‘ 

taring of an analogy may then 
lead to as much error as to assume the ertiteS’of 
analogy where none exists; in fact, utter miS^of f?? 
bea,ring of an analogy will probably give 118^10 

.f it to , A it liJ S *®'" 

!]^e use of metaphorical language is a frequent fom-co Af 
such errors ; in those cases the false analogy mL bT^aid 

on, and to grow out of, a fall^y of Pigure of 
Speech. For instance, it is false analogy due to metenhoric?! 

r'lr.SaSrfts?””, ■* ? 

fa«ux o, bw fata (LTT 
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' Maoka^e^ M»mao/Mhks, ft-d Wn., p. jg. 
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iindon'btedlj, a social evil of consideralble magnitude. But 
the growth of the towns is the effect of this influx, not its 
cause, and the consequent evils are not essentiallj analogous 
to ‘‘leaving the body and extremities without nourish- 
ment and support.” 

Arguments of this character Were common among the 
G-reeks, who attached undue importance to words and the 
analogies they suggest. That the governor of a state is 
like a pilot, for instance, true in some points of not first- 
rate importance ; but that his functions are unlike those of 
a pilot in many other points which are of great importance 
is also true. 

A very common false analogy is that between a com- 
munity^ and an individual. As the latter goes through 
successive periods of growth, maturity, and decay, so the 
hypothesis is formed tliat every nation must do the same, 
and it is assumed that after a longer or shorter period of 
vigour and prosperity the nation must gradually lose its 
place in the world. The disastrous consequences" of sucli a 
theory upon the energy of the nation in general and its 
leaders in particular are obvious and can scarcely be exag- 
gerated. And history lends some colour to the theory m 
recounting the rise and fall of great empires. 

Examination of the circumstances tends, however, to 
show that such decay is not a necessary consequence of the 
continued life of the state ; it occurs at the end of periods 
more ^ or, less protracted, and- may in every instance be 
explained, by conditions , independent,, of the mere duration 
of the^ community as an ^organised state. On the other 
hand,^in the case of the individual organism, senile decay 
is a direct result of the constitution of the body, which is 
such that after a certain interval decay exceeds recupera- 
tion and at last necessarily ends in death. The fall of 
great empires is more analogous with death from disease 
than with death from old age. Hence,’ there is no reason 
to regard such decay of power and prosperity as the neces- 
sary end of a lengthened existence. 

The falsity of the analogy is well shown in the following ' 
passage from Burke’s Mters on a Megmde Mmei /‘M ,ai.in: .■ 
not quite of the mind of those speculators who seem 
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of this sort rather furnish smiiKfT 

illustrate or to adorn, than supply anawf«, to 

to reason. The objects whicKf SSa f 

into an analogy are not found in thA 

ence. IndiyidLs SfoaT 

uniyersal and inyariable^,»The iminA^^!+ subject to laws 



but moral essences. They are artifici^TAn™ v“ “v 

Ims whidx necessary influence 

of wk by tbatS o' '*'> 
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and simple. TharbyrTaT£^'A " 

a”.; 

formerly upheld the ^ conclusiyeness— as he 

Doubtless at times such analogical iUustrations are per- 

^ Worh^ vot vin,, pp. 7S-79, 
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tinent and Mpful. But always tliey are open to tM 
i dangers tliat they may he superficial and therefore mis- 

leading, or that even if valid they may he pressed further 
than their nature really justifies. That a wall is an 
ohstacle to communication is a plain matter of fact. So 
j the orator has only to speak of a tariff ''wall to suggest 

that the imposition of customs duties hinders trade in the 
same way as a wall hinders free passage, and that the 
higher they are the more effectively they do so. Neither 
he nor Ms hearers think it necessary to ask hovr far the 
! analogy is a true one. 

I As an exercise, the reader may ask himself what con- 

! elusion he on rational grounds feels justified in drawing 

from the following argument of Mr. Deakin, at the time 
i prime minister of the Commonwealth of Australia ; " I 

j should he very sorry to see any doctrine adopted which 

I suggests that it is intended to wrap the British Empire in 

5 a napkin in case it should catch cold. To treat it as if it 

possessed so tender a cuticle that it could not be touched 
without permanent and fatal irritation is to brand it as a 
poor organism incapable of coping with the ordinary diffi- 
> cuities in its path or the necessary ailments which come 

from abuses or mistakes.’*^ 

I Fallacy from analogy, then, always consists in rega-rding 

I the analogy as of greater probative force than it really has 

f in relation to the case in hand. Obviously it reaches its 

climax when an analogy by itseK is set forth and accepted as 
really proving anything. The strongest analogy only adds 
to the probability of a hypothesis, the proof of wMch must 
be sought in further enq^uiry. ■ ■ 

I 

j ^ Prfi/ere»ce i>6tee, pp. 187-1^^^ 
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establishment oe hypotheses. 

1. Conditions of EstabEslimeat.— Wain u . 

neither simple enumeration nor analogv eih'do nf-f 

suggest a tentative hypothesis whicTi^^^f i ^ 

muted into an established truth by other 

processes of iiiTestia-ation TIia r ^ i 

is n„.„ .ecwlfS*. 

to one enquiry we must see clearly idiatisEs S’- 

we must decide what conditions a hypShest S fS f 

mi causal ^ 

^ lawOT^5^^cL difficulty, and before the 

it will hav7pSL\y “ absolutely established 
increasing pr^abilitv TlEi stages of 

- risf u 

general relations ilaws!^®°^^ systematises a number of 
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2. Bireot Be¥elopmeBt of Hsrpotliesis*— lTO.6n w 
seek eYideBce to establish tlie truth of a suggested cai^sal 
relation we may or may not find it open to direct obser- 
vation, with or without the aid of experiment. If it is 
not we must work indirectly, and compare the facts we 
can observe, not with the hypothesis itself, but with con- 
sequences we can deduce from it. This process wa sliali 
consider later. If, however, the hypothesis itself can be 
directly brought to the test of comparison with' fact, then 
the scientific worker adopts certain precautions in the 
selection and manipulation of the evidence; and these the 
logician is able to analyse. The first clear exposition of 
these practical methods of direct enquiry was given by 
HerscheP; the classical logical analysis was made by 
Milh^ Since then they have been generally accepted by 
iogicians, though with the reservation that they are not 
nearly so conclusive and rigid as Mill appears to have 
believed. 

As analysed logically the methods of course stand apart 
as separate and independent modes of enquiry. This 
separatioji, however, is wholly the Avork of the logician, 
made for simplicity of exposition of their logical character. 
In actual scientific work they no more exist apart than do 
the vital, physical, and chemical processes in the life of a 
plant or animal. ISTor can they efer be employed with 
that formal rigidity which would be necessary to enable 
them to be by themselves absolute grounds of proof. 

All the methods aim at elimination. Causal connexions 
are never found pure in nature : they are always associated 
with conditions which are irrelevant to them. To distin- 
guish what is relevant from what is irrelevant, and so to 
isolate the I'eal causal connexion sought, is the only way 
in which that connexion can be revealed. This is a process 
of logical elimination which may or may not be aided by 
a physical separation. It proceeds on two fundamental 
pnneiples; first, that whatever -can .be absent when the 
phenomenon is present is not-, causally connected with it, 


^ Frelmmarv Dmmune on tJie of Noilmnl FMlosopIm 

» Logic, III ix. X 
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aad secondly, tliat -wbatever can be present in tbe absence 
of ibe pbenomenon is no part of its canse. These prin- 
ciples are direct applications of the doctrine of caiisation; 
they assume that every event must have a cause and that 
the same cause produces the same effect. 

The formal principle that if a definite set of conditions 
give rise to a definite set of phenomena, and if another set 
of conditions, partly like and partly unlike the former, give 
rise to another set of phenomena, also both like and unlike 
the former, then that a causal bond is indicated between 
the elements which remain stable in both sets, and negated 
between those that rest unchanged in one set and change 
in the other, may be symbolically expressed. 

followed by 


causal connexion probable between A and x, but not 
between A md y, A and z, B and w, B and z, C and z, C 
and £/. The possibility of such a connexion between B 
and y, C and z is untouched. 

Such a formal statement obscures the complexity of the 
real work of thought. It suggests that the letters sym- 
bolise elements which are so independent of each other 
that one can be added or removed without changing the 
other ; so that whatever we do with B or C leaves A free to 
work, and to work always in the same way and with the 
same measurable result. But in reality B or C may change 
the operation of A in any way and to any degree including 
complete neutralisation; as for example increase of pres- 
sure {B) may within limits prevent the expansion of water 
under heat (^). Nature does not consist of elements thus 
separable, but of constituents each of which enters into 
every process in a way determined by the total nature of 
that process. 

Further, the symbolic statement suggests that the pre- 
liminary work of connecting conditions and result in 
thought has already been done. They assume that we 
know that it is in AB we are to look for the conditions of 
xy, and in xy for the consequences of ^15. Barely, indeed, 
is this the case in actual scientific enquiry. That selection 
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is tlie first -wort to t>e done and is liable to error* To 
make an exlianstiTe enumeration of conditions would be 
impossible. As bas jnst been said, the ‘ conditions ^ are not 
independent things but constituents of one process. We 
give them a kind of spnrions and artificial separate exist- 
ence according to onr own convenience. Largely at first 
we think thus separately constituents which have re- 
ceived separate names. But this takes us but a tittle way. 
Soon it is found that these obvious distinctions due to 
more or less superficial observation are insufficient, and 
others have to be made. But always the independent 
existence of what we symbolise by our letters is solely 
constituted by our own thought. 

From the whole mass of existence we select a little piece 
for examination, and in so selecting we isolate it in thought 
from the whole of which it is, and must always remain, 
really a part. In changing it we of necessity change the 
whole. Whether, then, what we attend to is what we 
ought to attend to for the purpose in hand is not a matter 
that can be decided in the easy way the symbolic formula 
suggests. The knowledge, insight, and tact of the enquirer 
are needed in their fullest power, and even so mistakes are 
frequent. It may easily happen that relevant conditions 
are ignored. Often it is only in the actual course of an 
enquiry that it is recognised that aome condition is really 
operative. Of course it existed at the beginning, but it 
was not thought worthy of consideration. So it is seldom 
indeed that a hypothesis emerges from an enquiry in the 
form in which it entered that enquiry. As the work pro- 
ceeds the conditions really operative are inoi'e and more 
recognised, and the part they play more and more clearly 
apprehended. It is only gradually that we reach anything 
like the simple connexion A followed by x, and when we do 
A and x have always ceased to be the coarsely apprehended 
* tilings * and * events ’ which He open to perception by the 
senses. So it is that these methods of enquiry which deal 
with Just such perceptible sequences can never do more 
than make a causal connexion extremely probable. "They. 
c*jin never lay bare its essence. ’ 

From this it follows, too, that they speak of ‘ cause ’ and 

I. L. , 25 
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* effect — especiallj ^ the latter — in a way intermediate 
between the rigid scientific conception and the loose use of 
popular speech. Mill granted that their results could not 
escape from the possibflity that an event might be produced 
by various alternative ^ causes.’ ; 

Such a doctrine of ‘‘plurality of causes ” if applied to ; 

the ultimate nature of things makes knowledge impossible- | 

for it reduces to chaos any system which thought attempts ! 

to establish. But while we deal only with events and 1 

changes open to perception we cannot get to that inner 
bond of union which is only appreciable by thought. On ' 

the level of these direct methods, then, it must be granted 
that we are very unlikely to establish imdeniably the 
reciprocal relation we seek. 

It is well to grasp these limitations of the methods, 
because the formal certainty suggested by their symbolic 
expression may otherwise lead us to regard as conclusive!} 
proved that which has only a presumption of greater or 
less strength in its favour. For the ordinary purposes of 
life such presumption is often enough, hut it never satisfies 
the demand for theoretical certainty. 

We will now examine the methods in detail, but it is 
well to point out that the examples by which we illustrate 
each of them are hound to wear an air of artificiality, since 
in no case are they more than fragments torn from their 
true context in real investigations, and in some cases they 
have no importance beyond their illustrative value. In 
the next chapter an endeavour will be made to give speci- 
mens of actual scientific work directed to the discovery of 
truth, and it will then be seen that the methods are used 
to supplement one another in one and the same enquiry in 
a way which their separation for the purposes of exposition , 

tends to obscure. 

(i) Method of Agreement, — When we attempt to 
ffiake enumeration more precise the obvious course -to I; 

]^]5ue irTo^ see!k ihe in as varying f 

B UCTofindilffB as' possibl e.' Ifie' io5£ar’’'ge^ of 

this is known as the Method of Agreement, If only the 
sequence >1 — is found 'constant wliile the concomitant 
circumstances change in many ways the probability that 
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the relation of ^ to x is causal is enhanced by its per- 
sistency. Eepeating the general formnla already giYen : 

>1 5 followed by 
A O ' . XZ'.' ; . 

the greater the divergence in the mass of concomitant | 
circumstances summed up symbolically in 5, z, the | 
greater the probability that 4 necessitates x. For example, 
A person might snppose that the peculiar colours of 
motlier-of -pearl were clue to the chemical^qualities of ddie ' 
substance. Much trouble might have been spent in fol- 
lowiiig^oiit that notion by comparing the chemical , qualities ■■ 
of vai’icus iridescent substances. But Brewster' aeci- 
dentalij took an impression from a piece of mother-of- 
pearl in a ctunent of resin and bees^-wax,.and finding the 
colours repeated upon the surface of the wax, he proceeded 
to tak<3 otlier impressions in balsam, fusible metal, lead, 
gum, -arable, isiiigltiss, etc., and always found the iridescent/ 
colours the same. He thus proved that the chemical 
nature of the substance is a matter of indifference and 
that the form of the surface is the real condition of such 
colours.” • . ■ ■ 

The method of agreement resembles simple enumeration 
in its relianceten“mimfer Irbin 

it in the stress laid on variety in . the accompanying cir- 
cumstances., As far as possible the examples taken should 
be typical, and a mere repetition of instances of the same 
kind is avoided. Speaking of chlorophyll, the green 
colouring matter in plants, Hobhouse says, “ All butter- 
cups are plants, and all buttercups contain chlorophyll ; 
but I might examine a million buttercups, and on /the 
question whether all plants contain chlorophyll, I should' 
remain precisely where I. was when I had examined half-a- 
dozen. But if I examine a buttercup leaf, a blade of 
grass, a fern, a moss, a volvox, and a- protococcus, my six * 
obsermtions will give me .a very fair right to generalise. 
Normally, plants contain chlarophjU.” 

^ Jororss, Primiplm of Scrnfm^ p. 419. 

^ fhtmrf sf Kmxokdgefp.Mk, 
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of the generalisation depends on +1, 
agreement in. one particular amid very S 
in ..other respects. To be formafly cow tll 
demands that thhre ' should be agreemertS? 
pa^cular, and of that we can nefer be sur? 
certamty may be lessened by the knowledge th^^^ 
circumstances which have not been <*at_some 

vant from the point of view of the enonW^v v® 
undertaken. Moreover, certainty can onlv W ^ 
the instances taken are exhaustive repreientetiv^'^Ti'^ 
again, is a demand which in uracnL 3 ®®®f This, 

fulfiUed. practice cannot be absolutely 

As a matter of fact there are excentiona +0 +1,0 i ii 
plants contain chlorophyU, though nmlfa W 
do. However, if the diffe™^ 
marked, a few examples are sufficieS 
noxioii. Darwin oI>s6i*va«? in +Tii=k it a coii" 

“There is one vegetable production ’deSdn^ notif 
Its importance as an artide of food to tbllv.! “ ^ 

a globular, bright-yeUow Ss tht/r^‘'“'- 

numbers on the b^eh-trei. Vhen^vtmfT- 
it .Irink®,, 

deeply pitted or honeycombed. This fimgurbdonm^tr^ 
new and curious genus- T to,™.! o ^ a® ^ ^ 

another species of Ibeech m CIiiIa fr,.? 

thought that therApia T.,./.!. ®^prise is prompted by the 
of the ftuiOTia nn * probably some reason for the growth 

cauS^^tate thT^ Sr too 

gested relation is by fa^g a, sug- 
less and less nrobablA oircumstances to make 

tomains. XfSmSb of any element which 

vvnen so much else is changing we can in most 
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cases suggest no sufficient reason fertile continued pres- 
ence of the element except that it is causal! j connected 
;witli the phenomenon. ■ 

Tliere are other reasons why the method of agreement 
<IdGs no more than strengthen a hypothesis of causal con- 
nexion. ^ It is. mainly a ' mAhod of . observi^ion, and' is 
most appropriate in those cases whefe^the'pliShdm^ 
hot amenable to manipulation, but occurs in nature in a 
variety of forms. Occasionally the variety may be partly 
Xiroduced by experiment. Hone the less, analysis cannot 
on this method be pushed yery.„far ..4 We may find, for ex- 
ample, that many bodies agree in the one fact that they 
are transparent to light. But obviously this is merely a 
suggestion for enquiry : it does not explain in any way tlie 
connexion. And if an examination be conducted into tlie 
relation of light- vibration and the molecular structure of 
these traBS|;>arent bodies, the indirect method must be 
resorted to. So the probable connexion between the 
iridescent colours of mother-of-pearl and the form of the 
markings in each substance is an indication that the ex- 
planation probably depends on some relation of the light 
to this special form, but no direct method is adequate to 
determine what that relation is. 

Moreover, the method of agreement Js peculiarly liable 
to be vifialed by that pluralil^ ^ of ’ causes 
direct method can altogether escape.^ .Xo revert, to,, our 
symbolism, AG.^xzi AD.^.xti Mo 

doubt with each elimiiiation the probability that x is due 
to anything p>resent in the instances except /I is decreased. 
But it must be remembered that fi, G, D, etc., symbolise 
the whole mass of possibly relevant concomitants and not 
merely such isolated elements as we attempt to secure 
under A . Further, that all the constituents of a phenome- 
non are so iiiter-rehited that it is qnite conceivable that if 
|W6 could really isolate A we should find it inadequate to 
Secure j. Industry may be essential to success in life, but 
if we could conceive a person who had noim of the auxiliary 
quality of intelligence and no favourable circumstances of 
Me, we ehould not expect Mm to be successful, We never 
gef, a real iKi^laiion of the working of ^,and it may well be 
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tliat by itself it is powerless j that is, that our isolation of 
^ in thought as the cause of x has been only uavKaTi 
correct. So that while the method of agreei^S^^^ 
Fesumption m farour of a bond of causality ; 

and A it does little to support a hvDothe«k ^ 

have the full and sufficient cause of f ^ 

p™ ^ . Ju™, bL“ 

jtme test would be made if ^ were introduced 

! sequent appearance of x would disurove 

ugiat.irjs pennanmt., “ Wherever there is sea wSl sC 

out "Vt© do not IXt^ilCG SG3> tlio C£II1SG of csl’-’VT Kq " * 

not Ind the sk, oommg i.to Mng liH’r 

ppifalsli; 

Stfer 'Totr'haSS 

method el™ts arrived at by* the 

defecte. It is frequeatiy sufficiently coeeut 

we™ P.«»a‘33i3rth”33^rfu3 
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stages of growtli tliat certain corpuscles were always pre- 
sent, tlio connexion between tlie corpuscles and tiie disease 
was a li373otliesis worthy of closer examination: when in 
many healthy worms no trace of corpuscles could be found 
tiie hypothesis was greatly strengthened. 

; (ii) Hethod of Esrclusions. — If,- then, mere positive 

agreement in the presence of x with A is so Inadequate as 
a means of theoretical _ proof we naturally turn next to 
seek negative confirmation by examining instances of the 
absence of ^ to see if they are all marked also by the 
absence of r. This gives rise to the Metlmd of Exclusions 
01 Joint Method of Agreement and Difference, as Mill 
named it. 

should , resemblp tj[ie 
Eqs^iUve pnj^S. AS. mwly a* . possible in every particular 

They must, therefore, be the 
saine kind of fads. It would not do to take anij example 
pi the absence oi the phenomenon.. Indeed, if the cases 
. in nluch it occurs possess besides the supposed cause A, a 
' number of other elements, say B, G, D, E, F, G, the negative 
instances, to be at all conclusive, should contain among 
them all these other circumstances, and thus show that 
* wem can be present when the phenomenon is 
hbsepU IhiB IS m practice too stringent a requirement: 
but the method adds little to the probability unless the 
lesemblances between the two sets of phenomena are so 
j marked that they are recognised as instances of the same 
I iyps- The only important difference should he the pre- 
sence m one ease, and the absence in the other of the 
I suggested cause and effect. 

The force of the argument depends on the degree of 
probabihty with which we are assured that all the relevant 
conditions are under consideration. The method does not 
require prepared instances: it takes such as are open to 
observation. Wo search for examples as nearly a&e as 
possible except tor 1 he one important difference of presence 
an< absence of /I - r, but it is rarely that nature preseuts 
mstances which do not exhibit other differences as well, or 
which allow m their totality of a complete elimination of 
such differences. The only way to minimise this objection 
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( IS to make botli positive and negative instanocs o 

and nnmerous as the given invp< 5 f;o.^<^L “ ® ''»ied 

IJen the probabihtj IhTarX^r to demand. 

effected will be considerably increLed^^^ 
iiie consideration of negative inst‘mpA« 
lity to error through the existence of “ nl , t^® tiabi- 

practicaUy negHgeable. If we take^ a niSi^ot ” 
agreement, e.g. A B C ~ pgr A D F Z cases of 

that B G, D, or £ may Che caul'^n W 
that these elements can be present wbp^i ^ 
does not occur, there is no^S^l p P^^omenon 
as possible alternative causes them 

beheve that any one of them is couiteraSd^S^LT'i'' 
to produce the result bv an plA,v,m,+ *® tendency 

opposite quality. If dve were sure S? p J 

circumstance had been included ®eh _ relevant 

the argument from pluralitv of ^®&^tiye mstances 
weightin the absrceKL suCr. 

) The method is freonentlv <^<^™teraction. 

( social investigations. ^SupUse a m^n “ 

lessness and to seek its ^ause ^ho*, suffer _from sleep- 
the search must be made is wide^nd thino? •n'' 
somewhat indefinite in character Wp causes 

compare carefullv the ph-PiiTv,c.eo^^^' proceed to 

nights ivith those preceding ti^v+ 

H. ~y fad thS 

prolonged study, varied ^drink ® late hours, 

forth, foUowed by Sples^i 

cases of normal slumber present in 

strong coffee. The latter tb^* mghtly cup of 

^Icitrant habit which must*L breke'Jfff 

be cured. ^ orohen if insomnia is to 

j i.™. « i. mo.t of 

For example/ there are ^ ^ ^^^cription. 

constitution, and general temperament, 

capable: of eliilon aS 

of half-time employment on into the effect 

itself of the 8ame^proce(W^^^S^^^®’^®^®P“®^* a-^i’s 
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Sfatistics are compaed in relation to children of the same 
average age and general home surroundings (1) in half- 
tune attexidance, (2) in full attendance at school. In the 
m-st cases a physical^ deterioration is present -which in the 
^cond senes that is, the negative instances — ^is absent. 
Here nalt-tune attendance is a compendious description of 
a group of elemen^ts such as heavy physical strain, dust- 
men atmosphere durmg toil, noise of machinery, excessive 
heat, whose separate effects in the -whole loosely termed 
physiea,! deterioration can be recognised, if not precisely 
determined, by a continued application of the same method. 

^ An example from a scientmc investigation is -worked out 
in the next chapter. Darwin determined that the forma- 
tion of vegetable mould was the result of the action of 
^rthworms by an examination of positive and negative 
instances. Where the vegetable mould was formed earth- 
worms were active : where it was not formed the earth- 
worms were absent from the soiD 
The use of the negative instance enables us to set aside 
I ^ ^ elements which are present in the absence 

’ It thus limits the field of possible 

causes, and if made precise enough, would indicate by a 

complete exclusion the true cause. ^ 

] . (“) of I^ereace. — The desire to secure tw-o 

j instances diftermg only in the presence in the one, and the 
i absence in the other, of the suspected cause naturally leads 
\ to expennmnt. _ Nature does not present us with such in- 
stances. But in experiment we can sometimes introduce 
^ /I mto a set of conditions from which it was absent. 

, We can, for example, put some ground coffee into boiiin» 
water, and we are justified in attributing the change m 
colour, odour, taste, and effect as a beverage, to in., 
imion. tauoh an mstance brings out an important point 
which we have already considered under causation,^ that 
d 13 not the coffw by itself — t.e. as a separate element — 

the result. So when mto a set of conditions B wMch have 
as a result y we introduce 4, and find y Womes xy. 
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caused the 

I is the object of °^Metfod o/^m^renoe^wMcb-'^ 

' tiaUy the MeiM of How comp W or T“' 

smple IS the ciaage made depends noon 
of our moatui .n^.iu of the ptaou.eS J ouS™",”! 
apon our power to isolate in reahty etement^ ™ i 
already segregated in thonsht ObvlAiicii; ™ ^ave 

it i. fte „U ,e .pputSS tta SSte aeS’” 

th^is of (ausal connexion between A and / is iiis+tfi 
Formally the method may eouaUy 3 start wtSb 
Jirif and proceed by removin/d m the 
disapf,a4, or 5-y^f d 3^ 

pectation of securing i -RiTt a!! +• e^- 

generallj tlie more conTenient~i? latter is 

to hot iater than to “33^ the 
remoTe the coffee. lufusmn and 

»S’Stat;'j"ita s" to ^ 

to the jnst opened door, the blottin3f a 
yiew to an uprolling mist. WhL | onr w3 

b™, of .f^&srheJE.s.^:“Sj^ 

auy consequent paralysis of moveme^ 
of some|KS ZlCeS w£3pre“yS 

selected in prefereni’ to ’^^at grounds one is 

may be ch^en .?®®asionally the elements 

what happls^rtW t® a®® 

such randL experiment is sui3^fr 

ance than to an^Xfi complete ignor- 

- St 

mvestigator by one or other^' thtUtfis isT^ls! 
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don of a suggested causal relation wHch , lie .desires .to test. 
Tliere is some definite A wMeh is thongM to Tbe tlie: caiis,e: 
of tlie plienomenon, and' it, is Ms business 'bj introducing; 

^ watcb for anj corresponding change 

in .tiie tacts. 

riie iiietliod, it will be noted, diroctij investigates the 
eiiects or a given cause. It works forwards, from cause 
to effect. ^ Eegarded as a mode of discoverihg tie cause of 
effect, it is,, an ^application of tie indirect metiod. 
We assume tie possibility of a given cause as sufficient to 
account for tie plienomenon in question. W”e then try 
to introduce that cause into a suitable set of conditions so 
as to see if it fulfils our expectation by securing tie cianire 
whici we believe it capable of producing. 

lie, metiod formally demands the inclusion or exclusion 
from a given set of conditions of one element at a time, 
ill is IS necessary on the ground that if two or more ele- 
ments were involved it would be impossible to tell in what 
way the effect was related to them.. It might be due to 
them 111 ally conceivable combination, and the method 
would lose the precision it claims. To obviate this and to 
make the experiment decisive there shonid be one circum- 
stance aa,ded to or withdrawn from- known conditions. \ ‘ 

But to lay down this requirement is to demand a much 
greater knowledge and manipulative skill than is usually 
available.' It may need many experiments extending over 
a longer or shorter period, it may even need a new dis- 
covery, before the desired single difference is obtained, 
ilie conditions into "which a new element is introduced 
may be imperfectly known, : and -thus give rise to an 
erroneous inference. It is well known that a current of 
eiectncity passed through water decomposes that substance 
into its component gases, hydrogen and oxygen. In early 
experimeiits of this kind it was., noticed .that an acid and 
an alkali formed at the two opposite poles where tie cur- 
rent .entered the water. Since tie com.p 0 sition of water 
was known it was thought by some .that tie introduction 
into 3t of the electric current wa.B the sole cause of tie 
iiroduction of tie new substances. . ^But unknown to them 
other conditions were present ■ wffiici '.accounted for the' 
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of tMs portioB of the eSct fhe l«r® 

water might suffer partial decomition 

Hiatter miglxt be mingled with ?hA I some foreign 

hare no share in their production A would 

proceeded to tey vhether^tS ten\.«f He 

woxild destroy the effect or at lpa«!+ cause 

^use a corresponding change in the aiyf of it 

By the substitution of S veTsd^ShT*/ 
my change in the efect ha ^ without 

glass was not the cause ^^termined that the 

found a marked diminution oF th^n he 

alkali evolved; yet there was 
cause, whatever it was, was stm ^ 

purity of the water, theA, was St tSsE*r- 

cause. He now conceived that thn concurrent 

it would contain common salt ati/j if e case, as 

would result from its decomnosl+L au alkali 

electricity. By carpfnllv ovr.*?* ^^gency of 

the quantity of the preduete^stilSf ^ contact, he reduced 
than slight traces o/theS L ^ more 

mained of the effect mio-hf hA P^^^^pfihle. What re- 
the atmosphere decomnofoi^ h^ ti’aceable to impurities of 
apparatus. An experment deter^ned th electrical 

was put under an exllustef) ^ machine 

secured from atmosph^ S,I T’ 
tte acid and the alk^.”i Thus K^’ longer evolved 
the passage of the cnrrent tTirnu«{ successive experiments 
He the sufScient cause of its fto the water was seen to 
and oxygen. decomposition into hydrogen 

oneeleme^i^tS^^ded^h^^^^® impression that only 
are mtroduced!^htf ® m reality more thanoni 
troversy between Pouchet anfi Po m the con- 

.f .ponta„„ 
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exporiHioats, coiidiict6<i , with extroBie precautions, ' proved 
tiiat “ animals and plants could be generated in a medium 

absolutely free from atmospheric air, and in which, there- 
fore, no germ of organic bodies could hare been brought 
by air.”> All gems in the material used were destroyed 
by heat, and chemically prepared oxygen was substituted 
for ordinary air in order to sustain the life generated, 
Pasteur showed that in spite of his precautions Pouohet 
had deceived himself in thinking that germs from the air 
had been excluded. He then went on to demonstrate by 
ingenious tests of bis own devising that when air was 
punned from germs by being passed through cotton wool 
OT asbestos it was powerless to generate life in an alterable 
liquid, itself deprived of germs by ebullition; while the 
same liqu id abounded in life when exposed to unliltered 
air. Another experiment in which the germs in the air 
were destroyed by heat was objected to on the ground that 
the heat might conceivably affect other elements in the air 
which It was said might be necessary for the spontaneous 
generation, e.y. ‘ electricity, magnetism, ozone, unlmowii 
forces even. To change one circumstance and one only 
IS a matter for great practical sagacity. 

We camot assume that the introduction of a new ele- 
ment is tne sole cause of anj cbang© wbicb tnaj ensue It 
is always necessary to take account of the conditions on 
which It supervenes. In another context no such change 
might appear, and in such cases the new element is the 
occasion rather than the cause of the result. The lighting 
of a fuse attached to a charge of blasting powder may be 
foUowed by the shattering of a rock. Although the only 
difference between the elements before and after is the 
lighting of the fuse we do not think of it as the cause of 
tne explosion. 

Again, collateral but unobserved changes may be set uo 
which are the real conditions of the observed effect This 
18 often so in physiology. A certain brain area is’ stimu- 
lated by pressure, electricity, or some other means, and a 
reaction say m the shape of a apajific movement follows. 
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That reaction may be due, howeTer, not to the excitement 
of the first area, but to the collateral and unobserved 
excitement of a second area with which the movement is 
directly connected. 

Too great an interval must not elapse between the intro- 
duction of the supposed cause and the noting of the effect. 
For in the meantime other elements may creep in which 
may modify or be the true constituents of the cause, 
j Quinine taken one day may or may not have allayed the 

! fever which disappears a few days later. It is not the mere 

1 interval but the difficulty of maintaining continued control 

I of the conditions which gives importance to the element of 

time. Where the conditions throughout are not liable to 

outside interference a great length of time may even be in- 
dispensable. Ceidain experiments of Sir William Thomson 
are of this type. He placed “small quantities of blue 
vitriol and other coloured soluble substances in the bottom 
S of very tall vertical glass tubes, filled with water and her- 

metically sealed, in order to ascertain the amounts of 
diffusion, etc., and other effects after a great length of 
time. . . . It is calculated that several hundreds of years 
will be required to complete the diffusive process.” ^ 

It sometimes happens that certain forces are kept in 
equilibrium by the counteraction of their several tendencies 
' to produce given effects. A new factor introduced may 

I simply liberate these forces so that they may have free 

play. ^ A train at rest on a steep incline is set in motion by 
releasing the brakes : but no one would assign such release 
as the true cause of the motion. A closer analysis would 
reveal weight, incline, and comparative absence of friction, 
as elements in producing the acquired momentum, and 
that each is so operative could be shown by further appli- 
cations of the method of difference. 

In these vanous ways the apparent inference to a pure 
causal connexion through the method of difference is 
rendered precarious. Its probability is increased, if there 
is other evidence, such as that gathered by the method of 
agreement, to support it. By varying the contexts to which 


^ Gore, Art of Smentijic Discovery^ p. 558. 


§ 2 ] METHOD OF CONOOMITAOT: VAHIATIOHS. 399 

a giTen cause is added it maj be possible to determine just 
wbat other factors are necessary to the change, and a know- 
ledge of tlieir properties may enable us to decide more 
precisely the contribution to the e^eet made by the sup- 

posed cause. 

When it is said that one experiment is sufficient to 
esbiblish a causal relation it is implied that only one known 
element is added to, or withdrawn from, a set of conditions 
whose results are known. The diffiei’ence that ensues can 
then be assigned to the new factor of ■ the introduction or 
withdraAvai of the element. But the causal bond is between 
the t^vo changes, not between two ‘ things * or ■'elements/ , ' 

(iv) Method of Concomitant Variations. — The 
liiethods we have considered are lacking in quantitative 
precision, and in some eases cannot be applied. They are 
usefully supplemented by the Method of Concomitant 
Variations, winch, does not diifer ■ essentially from them 
in principle. Instead of an examination of instances in 
which cause and e,ffect are present or absent as a wlioie, 
cases are considered in which there is a corresponding 
variation in tlie elements suspected of being causally con- 
nected. Any kind of variation is not sufficient. The 
argument rests on the assumption that cause and effect are 
equal in energy : increase or decrease in the one must be 
followed by a proportionate change in the other. For direct 
causal connexion then we require a variation in simple 
proportion. Symbolically 
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Evidently if A is the whole cause of : a each additional A 
must be follow'-ed by an additional a. If this is secured 
the probability of causation ■ is strong. But stated thus 
abstractly^ no account is taken of 'the other elements' pre- 
sent, It is assumed that, these remain the same, and that 
the sole difference in each case is the -quantitative change 
in A. The assumption is Justified- if A can be varied at 
wdl, so that we may try the effect of the introduction or 
withdrawal of successive amounts: of A, We are then 
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adopting a modified form of tlie metliod of difference : tlie 
cliange in this case being pnrely quantitative and stopping 
short of the complete removal of the suspected cause. ^ 

But experiment is not always possible, and then it is not 
likely that instances exhibiting change in simple proportion 
will be found open to observation. Whether they are, or are 
not, a new difficulty arises. Both changes may be due to a 
third element which remains undetected, because hidden 
from observation. If the connexion is of the simple type 
that we have considered there may be no reason to suspect 
that it is dependent on unknown conditions. If, however, 
the variation is in any other than simple proportion we 
know that we have not the whole cause of the phenomenon 
before us. In such a case as — x, 2/1 — 4ix, BA — 9x, etc., 
were A the sufficient cause of x we cannot see why the 
addition of A should be followed by a more than propor- 
tionate increase in x. The evidence for some connexion 
between them is strong, and since it is not directly that of 
cause and effect, we are led to assume that they are probably 
joint effects of some unknown cause. It is not necessary 
that the changes in amount should be measured in the same 
direction. An increase in the cause may be followed by a 
numerical decrease in the effect ; for example, an increase 
in pressme will at a constant temperature be foUowed by a 
diminution in the volume of a gas. But the energy before 
and after remains the same. 

We cannot by the method of concomitant variations, any 
more than by the other methods taken singly, determine 
with certainty a causal connexion. This is especially so 
when the variation cannot be exactly measured. Then we 
cannot tell whether the change is or is not fortuitous. In 
combination with other methods we may, however, deter- 
mine the nature of the connexion if any exists. To take 
a simple illustration from Darwin. He found that on 
Heeling Island *Hhe wells are situated from which ships 
obtain water. At first sight it appears not a little remark- 
able that the fresh water should regularly ebb and fiow with 
the tides ; and it has even been imagined that sand has 
the power of filtering the salt from the sea- water. These 
ebbing wells are common on some of the low island s in the 
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West ladies. Tie compressed saad or poroas coral rock 
is permeated like a .sponge mtli tie salt water j but the' rain 
which :'.faMs' on, ^ the surface must sink -to^theievei of the 
surrounding sea, and mtist accumulate there, displacing an 
equal bulk of the salt water* ' As ' the water in the lower 
part of the great sponge-like coral mass rises and falls 
with the tides, so will the water near the surface;, and this 
will keep fresh, if the mass be sufficiently compact to 
, pre?ent much mechanical admixture; but where the .land 
consists of great loose blocks of coral with open interstices, 
if a i?ell be dug, the water, as I have seen, is brackish/'^ 
Here we^see the method of exclusions resorted to in ..order 
to explain a concomitant variation, which in itself only 
suggested some Idnd of connexion between wells and tides, 
but in that very suggestion pi'esented the difficulty that the 
water in the former case diJIered from that in the latter. 
To establish a causal connexion it was essential to account 
for tills difference by showing how the salt of the sea-water 
was eliminated/'* 

The method of concomitant variations is of greatest value 
when the variations in amount or intensity can be exactly 
measured. Indeed in this respect it has the advantage 
oyer all the methods we have already considered. A rela- 
tion wliich has been broadly established by the method of 
difference or the method of exclusions is at once rendered 
precise wiien it is determined as a relation of quantity. 
Tliat heat causes the expansion of .metals is a sound enough 
conclusion from the method of difference, but it is vague. 
When we know that a certain quantity of heat will produce 
in each case an increase in bulk exactly represented by the 
coefficient of expansion, we not only increase our power of 
effective manipulation in oases where the force is under 
control, but the understanding has a better grasp of the 
facts. Mathematics is the best means that science has at 
its command ■ for attaining precision,, and a , law of nature 
is held to be most completely determined when it can be 
iiiatheinatleally expressed, 

^ The Foyar/e of the Bmgk, Oh. XX, ' ' 

» The ooaiplote logical analysis m leffc as an ezeroise to the 
jifeudeiit. 
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The corresponding changes in quantity between two 
elements which are supposed to be directly or indirectly 
in causal relation to each other may be graphically repre- 
sented by means of a curve. A horizontal line is^ drawn 
from a fixed point, and a series of points at equal distances 
from one another are taken to represent equal amounts of 
the one element, while on a vertical line drawn from the 
same fixed point are marked off in a similar way equal 
spaces to represent equal amounts of the other element. 
From each point on the horizontal line vertical lines are 
drawn to meet horizontal lines drawn from each of the 
corresponding points on the original vertical line. The 
intersection of each pair of lines gives a series of points 
which when joined give the curve representing the 
relation. This curve shows at a glance the degree of the 
variation and whether it takes place in a regular manner. 
The newspaper weather charts represent in ^ this manner 
the variation in the height of the barometer from day to 
day. Here, of course, there is no direct causal relation. 
Economists of ten use the same device. For example, it is 
usual to draw a curve representing the influence of 
successive doses of capital on the return got from land 
under cultivation.^ The horizontal divisions, or abscissae, 
represent the capital: the vertical divisions, or ordinates, 
the yield in crops. The curve within certain limits is 
regul^ in form, and in the direction of a more than pro- 
portionate increase in the return. One might be tempted 
to expect that since the general direction of the curve 
indicates an increase it might be indefinitely continued, 
and so the conclusion be drawn that every increase in the 
amount of capital will be followed by a more than pro- 
portionate return. But when the increase goes beyond a 
certain point it is found that the yield diminishes in 
value, and the curve consequently undergoes a change in 
direction. 

What the curve represents to the eye as a break in the 
continuity of the relation is merely a graphic representa- 
tion of the truth that a variation which holds good within 
a definite range of experience may not hold when the range 
is extended. If then we extend the range of such variation 
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simply as an inference without testing its truth by an 

appeal to fact we may be exposed to contradiction. “Water 
contracts as it is cooling. Suppose we begin to note this 
continued contracting of water from 100°!'. to 90°- we 
naturally expect to find it continuing through 90° to' 80°. 
And as w'e observe, we find our expectations confirmed. 
And so on through to 40°, we find that water continues to 
contract. It is, therefore, most natural for us to expect to 
md water contiuctmg at 39°. But just at this point in 
j in the continuity of variation ; 

at 39 Tvater begins to expand and so continues until it 
passes into the solid form at the freezing-point.”» We must, 
cautious in making or accepting such inferences, 
iho only mfeguard is to submit them to experimental tests 

critical points at 

winch the law is modified, if such exist, are discovered. 

of a cause required by the method 
ot dilierence IS uot always practicable even where the 
cau.se allows to some extent of experimental control. There 
are permanent elements in nature such as the force of 
gravitation, heat, friction, of which we cannot get rid. But 
plough we cannot remove them we may by various devices 
make their action , greater or less in amount, and note 
J8 changes which ensue. In this way we can learn much 
ot their nature, ^d often formulate the law of their 
action even though we only find it exemplified as a ten- 

4 .“ counteracted, 

lius IS a most useful apphcation of the method of Con- 
comitant Vmations._ Mill instances the first law of 
motoa— tliat all bodies in motion continue to moTe in a 
straight Ime with umfom velocity until acted on by some 
of perpetual motion occurs in 
It f i- obstacles to it such as friction and 

letardation of the atmosphere may account for this. If 
that be so a diminution in the resistance due to them should 
be iollowed by au merease iu the time during which a 
gyen velocity is mainteined. Experiments showed that 
this was the case. “The simple oscillation of a weight 

^ HibUa. Jfiductive Logic f ipp. "142443.' ■ 
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suspended from a fixed point, and moved a little out of the 
perpen^cular, which m ordinary circumstances lasts hut a 
few mmutes. was prolong^ in Borda’s experiments to 
more than thmfy houm by diminishing as much as possible 
the friction at the pomt of suspension, and by mafeg Z 
body oscdlate m a space exhausted as nearly as possible of 
its air. There co^d, therefore, be no hesitation in assicfn- 
the retardation of motion to the influence 
of the obstacles; and since, after subducting this retarda- 
tion from the toM phenomenon, the remainder was m 

result was the proposition known as 
the first Law of Motion.”* wwu as 

Perhaps the most important examples of variations due 
to a common but unobserved cause are those which occur 
m fixed penods. The movements of the tides wHch change 
legularly in character according to the position in the 
heaves of the sun and moon are an often quoted example. 
Another remarkable periodic coincidence is that between 
the occurrence of the Aurora Boreahs, magnetic storms 
and chanps in the spots on the sun. In the middle of the 
^eteenth century it was established that once in about 
ten years magnetic disturbances reach a maximum of 
violence and frequency, and that at about the same interval 
the activity of the sun spots is at its greatest. Further, it 
was ^sTOvered that the Aurora Borealis is associated with 
a distmLed condition of the sun. “ Subsequent detailed 
obsewation has exhibited the curve of auroral frequency 
as followmg mth such fidelity the jagged lines figuring to 
the eye. the fluctuafaons of solar and magnetic activity as 

together under the influence of a common cause.’”* What 
that cause is has not yet been discovered. 

of Residues.— We have considered the 
^ methods m the simplest form by assuming that 
n^o^?f attempts to establish one causal con- 
nexion in a senes of complex phenomena. Of course, the 

* ni., Oh. viii., § 7. 

of. pp. Id 6 ^ 16 h iironomy dming the XlXth Gentury, p. 161, 
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knowledge demands that such inyestigations 

seaueL ifell again with the same kind of 

At^firni.i “f considering a fresh set of relations. 
At first tke residue denoted bj S-^ in our general formula 

eumin‘^;,y .F— J^®*™analysed. But as 

aldeto^dfscritethe s^qu™ 

where ~—xopq....m 

A~x, C ~ 0, D — p, E -~q . . .. 

klsS connexions, so that the remainder, Z - m 

primnp fon' tha7z™^ ^ 

CZ Ko Kw'f This is - 

is only apjilicS? ft evident'fhat it I'j 

thesiTof B^rchtion 'to ™ which case the Iiypo- 

TiSZZe of method of 

of Goncomifant Vnt the method 
Sn ^Sd of It nyailable ; or parallel instances 

of Exclusions comes'®Sto®p2,yf™^^^^^ 

i^ntli'reef method* of i® neeessaiy to resort to ttie 

SonsrqS^^^^^^ fr^ i- wHch 

Srf " “ ‘'■» P»‘“" •iemmlntion 

ImowuL to exist: tie otlier is sequence is 

Sad, „.pp.,iii„., i, i, j 
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mth nrach Ukeliliood of success except by a mind waI] 
stored^with pertment knowledge, wHcfi in framinritln 
pbes at once tbe indirect metbod of seeking fora relat!™ 
wbicb on know laws would yield tbis uneliSeSt 
Put symbobcally there is known euiesult. 


AODE 


^opq . . . . m. 


Tbe whole otAGDE....&s known is required to account 
for jropo .... . Nothing in the Icnown conditions remains 

as an explanation for the m which has iustbeen diseoTOPAti 
o emt in the result There is e«ra c^^®g 
enquuy. There mpt be assumed some Z which on the 
analogjr of all pertment knowledge will account for ins t 
this m m just this form. 

The history of_ astronomy offers many pertinent ex. 
amples. Before it was observed through the telescone 
theplanet Neptme was assumed as a hypothesis to accomt 
for deviations of the p^et Uranus from the path wS 
exMt calculation _ of 4he effects of the known heavenlv 

boies laid down for it. The mathematical nature of the 
deductions involved from this assumption made it possible 
to be sure that if such a new planet was in existence it 

toe. The verification was then onlj dependent on the 

telescopes^ used bemg of sufficient power. Had the planet 
not bran found mcreased power of lens would have^been 
sought b^ore the hypothesis was given up. On all known 
^b^ the emstenoe of the new planet was the only way 
of explammg the residual phenomena consistently with the 

V f ® liypothesis had an extremely 

of^L^Ai'A®^ ^ Earner’s determination 

of S observations of the sateUites 

are ot such a nature that each sateUite, once in everv 
revolution, enters the shadow-cone thrown by Jupiter aM 

Hte^sSd If particSar satel- 

Cre f calculated exactly, but 

here was found to he a discrepancy between this mIcu- 
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latefl. tini0 and tlie obsorred tiiias, Here' waS' a' 'Tesidiial ■ 
plienomeiion whicli needed investigation. How tbe period 
' of revolution for eacli satellite is comparativelj sbort,: and 
■ coiiseqtiptlj tbe eclipses are frequent. In each case tlie 
ecdipse is^ caloiilated to take' place at regular intervals so 
that the time between two eclipses remains the same. But ^ ■ 
astronomical observations of Jupiter’s satellites show that 
while the earth in its orbital motion is receding jErom 
Jupiter the mean period between two successive eclipses of 
a particular satellite is longer than that which elapses when 
the earth in its orbital motion is approaching Jupiter*”^ 
llie hypothesis was, therefore, advanced that the discre-' 
pancj between calculation and observation was due to the 
velocity of light. Thus when the earth is receding from 
Jupiter the light from a^ disappearing satellite has to travel 
a greater distance at each successive disappearance.” » The 
interval, therefore, apears to lengthen. On this supposi- 
tion Isomer obtained the first trustworthy value the 
velocity of light. 

The residual phenomenon is usually of smaU dimensions, 
it was small discrepancy in weight which led to the dis- 
covery of pgon. So in the example already quoted of the 
irregulanties of the motion of Uranus, **It may be steted 
as illiistrative of the perfection to which astronomy had 
been brought that divergencies regarded as menacing the 
very foundation of its tlieories never entered the ran^e 
of unaided vision. In other words, if the theoretical a.nd 
the real Tiranus had lioen placed side by side in the 
sky, they would have seemed to the sharpest eye to form 
a Single body.”® , 

3. Indirect EstaMishmeiit of l£ 3 rpotlieses.- — ^The 

.hjpptheses.-and to 

wrengthen those i'' 

ij^l.flieir form. But as these method’s deal only with ( 
phenomena open to observation and manipulation they can | 

> K<lser, r^fjhtfnr StwknU, p. 219 = Ibtd., pp. 219-220. 

f Clorkc, op, efe, p. 86. 
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_never_directlj reach Jbose M connexions which physical 
^eiiM mor? and. more seeks.\ They cannot deal dirMtlV 
with atoms or ether, or any natural force. They describe 
the visible resnlts of a causal connexion, they even so far 
to establish its existence, but they cannot explain its 
nature. Even when most successful, therefore, 4ey only 
give a very strong probability to an empirical law— that 
is, a statement that such and such conditions <Zo secure 
such and such a phenomenon. 

Such results stand apart in a kind of fictitious inde- 
pendence tiU they are shown to be expressions of a much 
smaller number of more fundamental relations. “Fric- 
tion, combustion, the liquefaction of a vapour, freezing 
pressure, aU produce heat. What could be more apparently 
disparate than these agencies ? Yet all of them alike in- 
volve the hberation of molecular motion in accordance with 
mechanical laws common to all the cases.” * The direct 
methods can establish that heat does result from each of 
these agencies. To show them all as variants of a deeper 
law of molecular motion can only be done indirectly. For 
molecular motion does not lie open to direct obserration. 
The whole of the ultimate construction of the physicai 
world is for science a set of relations which cannot be per- 
ceived by the senses, and which are held to be established 
because the results which can be shown with mathematical 
certainty to follow from them in various combinations are 
found fulfilled in nature. This unifying of the empirical 
laws as a necessary consequence of a very small numto of 
theories as to the ultimate nature of the world is the only 
form of explanation science can reach. Why that ultimate 
mture IS what it is science cannot say. Its task is to 
know that nature, and there can be no other proof that it 
has attained that knowledge than that its assumptions 
yield a system consistent both with itself and with the 
results of continued careful and accurate observation 
ime dira(^ methods, therefore, lead up to the formation 
of these wider hypotheses which can only be tested in- 
uirectlj, and tnej are tlie iiandmaids of this testing. 
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^ other cases only indirect enquiry is possible. This is 

SO m all cases in wliicli the facts cannot be got at directlj, 
bnt in wbicli oiir reasoning has to start from some record 

of :tiiem. , ; 

llie causes of historical and social phenomena are largely 
iiiciuen, and can only be recovered by a hypothetical re- 
constraction. Geology and Biology are also in a broad 
sense historical No record remains of the causal sequences 
by wliicli the earth has reached its present state, and livinfj* 
species of plants and animals their present characteristics! 
xiie history of development in either sphere is recon- 
structed by framing hypotheses in the light of analogies 
drawn iroin experience, and by testing whether the con- 
sequences they entail would result in the facts which 
prior and subsequent enquiry make known. Bor a small 
range of fact is suiEcient to suggest a supposition which, 
through the inferences it logically supports, becomes the 
revealer ot facts which otherwise had remained unob- 
served. 

I he Wave-Theory of Light ^ and the Theory of Gravita- 
tion both show the use of the indirect method in establish- 
ing the most comprehensive truths of science. The story 
01 Newton s <fevelopm0nt of the theory of gravitation is 
well known. Observation of the motion of fallmg bodies 
by craiiieo had led to the empirical law that bodies, irre- 
spective of size or material, fall through the same distances 
in equal tunes. Newton by experiments with the pendu- : ' 
lum establislied , the same law with greater exactness. 
Moreo^r Lepler improving on the earlier labours of 
xjoiio, iirahe, had by incessant observation of the heavens 
and much conjecture reached , the conclusion that ■ the 
motion otv the planets can be described in" three laws 
—mat each planet revolves round the sun in an ellipti- 
cai path with the sun in one of the foci j : that it revolves 
With such a velocity that a straight line drawn from it to 
the sun passes over equal areas in equal times : and that 
the sqiiares of the number of days- taken by the planets to 
complete a revolution are' proportional to the mhm of their 

^ topp. 440440, 
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mean distances from the snn. But so far no reason had 
been given why the empirical laws of falling bodies and of 
planetary motion should be as they had been determined 
Newton supplied a reason by his hypothesis that they 
were due to the atti-action of bodies by one another 
directly in proportion to their mass and inversely as the 
square of the distance between them. Taking the moon 
as his first example he showed by mathematical reasoning 
that if the hypothesis were true its motion would be in 
a certain path. After some years this was confirmed by 
observation. He then extended his reasoning to the case 
rf other planets, and ultimately to all particles of matter 
His deductions were verified by an examination of the actual 
motion of the planets, and in astronomy his principles 
have been verified many times by subsequent observations 
and discoYeries. 

As an example in G-eology we may indicate the kind of 
reasomng by which the transport of boulders often of 
great size has been attributed to glacial action. The exist- 
ence of these rocks in valleys and on hills of a different 
geological structure from that of the rocks themselves 
gives rise to the problem as to how they have arrived at 
their present position. Bor instance, “ such ‘ erratics ’ not 
only abound in the Swiss valleys, but cross the great plain 
ot Switzerland, and appear in numbers high upon the 
flanks of Ae Jura. Since the latter mountains consist 
cniefly of limestoiio, and the blocks are of various crystal- 
hue rocks belonging to the higher parts of the Alps, the 
proof of transport is irrefragable.”' But how has the 
transport been effected? There is no visible agency at 
work with which the movement of the rocks is obviously 
connected. Eecourse must be had to hypothesis. Various 
agencies have been suggested, but it is now generally 
accepted that they have been transported to their present 
position by means of ice. It follows at once that ice 
(1) must be capable of doing the work, and (2) must have 
extended at one time over areas from which in many cases 
it IS now remote. v 

‘ Geikie, Teset-Booh qf deolog^, 4tlj edn,, Vol. I., p. 554, 
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.^Glaciers. are tte most conspicuotig examples of tlie actioa 
of ice oa land. It is fomd tkat though to a casual glance '' 
tnej seem^ to be at rest tkej are in reaJitj moving. ■ On their 
surface they bear earth, stones, and rubbish, weathered 
trom the cliff s and slopes of the valley down which they 
are descending. The,: masses of rock are sometimes “ as 
big as a large cottage.'* The detritus is liable to slip into 
crevasses, and may descend to the bottom of the ice^ be 
moved with it along the rocky floor, so that whether' on the 
ice, in the ice, or under the ice, a vast quantity of detritus 
IS continually travelling with a glacier down , towards 
lower ground. ^ If the action of ice, then, be admitted as 
a muse it would be sufficient to explain the transport of 
rocks as far as the movement of the ice can be traced. By 
what signs can we support the hypothesis tliat masses of 
ice imve at one tim,e passed over any given surface ? ■ 
Isemeath the ice of the Swiss glaciers lies a thin incon- 
stant layer of fine wet mud, sand, and stones, derived parti y 
trom the descent of materials from the surface down the 
crevasses, pptly from the rocks of the sides and bottom 
ot the glacier bed.^ These materials may be seen fixed 
sometnnesun the loe Itself. Though it may locally ac- 
cumulate, this layer is apt to be removed by the ice or 
by the water that flows under the glacier.” * This deposit 
constitute the so-called boulder clay. If, then, we find 
boulder clay, that will be one indication of glacial action. 
Again the elusion caused by glaciers is of an easily dis- 
tinguishable kind. It is effected not so much by the con- 
tact and pressure of the ice on ' the rocks as by means of 
the fine sand, stones, and blocks of rock that fall between 
tlie ice and the rocka on which it moves, or between' the 
ice and the side of the valley in which it lies. ‘"Under 
the siow, continuous, and enonnouslj erosiTe power of a 
glacier, the most compact resisting rocks are ground down, 
smoothed, polished, and striated. The striae vaiw from 
such nne lines as may be made by the smallest grains of 
quarts up to deep ruts and grooTes.’” The stones effecting 
the erosion are polished and marked in the same way, the 


^ |). S40. 
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412 


BSTABLISHIIIJITT OF HYPOTHESES.' 


[oh. Bi; 

striae or pa!rallel lines raniimg generally in a longitudinal 
direction; If tlie hypothesis of ice action be true such 
marhs will probably be found on the erratic boulders and 
in their neighbonrhood. We mnst search for them and so 
apply the test of fact. 

Yarions other indications may be present, such as the 
smooth undulating hummocky bosses of rock left be- 
hind on the retirement of a glacier or the huge hoHows 
worn away where the rock was softer and which may bow 
be filled with water, forming tarns or lakes. The process 
of investigation and reasoning which led to the theory of 
an ice age extended over many years, required many 
workers, and presented many difficulties. We have merely 
given in bare outline illustrations of the type of inference 
involved. 

Evidently the conclusions of history can only be reached 
by the indirect method. The phenomena which the his- 
torian seeks to explain are extremely complex. There is no 
clear sequence open to ohservation, nor is it possible to 
isolate a causal connexion by any of the direct methods. 
The explanation of the state of a nation at any given period 
involves the consideration of its knowledge, morals, in- 
dustry, institutions, race characteristics, geographical con- 
ditions, and numerous other factors each complex in itself. 
And if we single ont one aspect for study and endeavour 
to trace, say, political, religious, or economic progress there 
is the same complexity. The conditions modify one another 
in countless ways, and it is difficult to determine their relative 
importance. Even a single event often presents a similar 
difficulty of interpretation. The play of human motive and 
of circumstances but imperfectly realised produces effects 
for which it is difficult to find grounds at once adequate 
and indisputable. Indeed, motives can only be conjec- 
tured from words and actions : the influence of dominant 
interests on men can at best be assigned with some reserve. 
When we add to this the necessary scantiness and imper- 
fection of the data in many instances, and that such facts 
as we have are based on testimony with its many liabilities 
to error, we see that the work of the historian is one both 
of criticism and of comtruction. 


I 
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HaTing detemined the facts bj criticism, bo 'desires to 
weld tbem together so far as maj.be in causal sequence. 
Ibe only procedure open to Mm is to choose one of the 
known conditions, or it may be one conjectnrod to be present, 
which on analogy with what is. known of " human nature'' in 
amilar circnmstances is likely to have produced or to have 
helped in prodncing the given effect. Taking this hvpo- 
tlieiical condition as true he will then seek to establish 
i.hat, in accordance with recognised principles of human 
nature, it would lead to consequences of a certain kind 
tmder which all the relevant facts may be embraced. At 
the same time he will try to prove that rival suggestions 
inyolve principles leading to results incompatible with the 
established data. In actual investigation it will be found 
that, as a rule, not. one but many conditions contribute ,to 
produce an e%’'ent or series of events, and the emphasis to 
be laid on the different factors will vary. 

I ^ay be possible to show that the different conditions 
now trom one root cause of wider generality. For example, 
let us take the causes of the decline of the American Oon- 
roderation.^ As usually given they are as follows: *‘1. The 
Oomederation had no executive or judicial department. 
A Gongress could not raise an army, 3. ITo power of 
direct or indirect taxation was given to the Gonfedera- 
tion. 4. Congress had no control over domestic commerce. 
5, Congress could not enforce treaties with other nations, 
b. The Confederation operated on states and not on indi- 
viduals. 7 , The Articles of Confederation recognised the 
sovereignty of the state, 8. Toting in Congress was by 
states. 9.^ The people owed allegiance to the state only.'’ ^ 
The first eight, can be shown on .examination to be closely 
related to the last, which embodies the fundamental prin- 
ciple that ** wherever primary allegiance is placed there 

sovereignty will reside.*'^ 

Such principles should be used with caution. It is so 
easy to^ support them ‘ .from, the 'nature of the case ^ with- 
out bringing them to the' touchstone, of facts. Ilistoiy 
may err by reaching out to either 'of two extremes. It may 


* afiic©, MUhod in Miuior^^ p. 30 . 
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couteat Itself mth a coHection of facts, or it mm dewlnr, 
pmciples without sufficient regard to the results of exoer? 
ence. Ereu when the facts are carefully considered It 
often happens that they are weD explained on one hnl 
thesis without being so exactly determined or so decMvo 
as to exclude another. In the last resort there is fe 
quently a balance of probability, which men of different 
temperaments and training wiU strike in different waTf 
_ A si^ar uncertainty attaches itself to the use of the 
mdirect method in ordinary life. The teacher perplexed 
by an epidemic of ^sorder, or the merchant aLC to 
gauge the stabihty of his markets, casts about for probLffi 
causes which in their combination would produen results 
apparent or to be predicted. The certainty they reSs 
problematical in theory but sufficient for practical action 

rgL“ectir' sufficiently clearly in 

Tim circumstantial eridence in our law courts, upon 
which cnrninals are often convicted, is of this kind 
IS to the interest of the criminal to commit his crime 
unobserv^: it is the duty of the prosecution to show 
m the absence of the evidence of eye-witnesses tS 
no one but the prisoner could have committed it. Many 
circumstoces may point to guilt: there may be obvioS 
motives to_ the mme, apparent preparations to commit 
It, possession of its frmts, unsatisfactory explanations 
of suspicious appearances, suppression, destruction, or 

to account for movements 
at the time the cnine was committed in the face of testi- 
mony to present m the neighbourhood.' Not one of 

“ the combination 
the separate strands of evidence which 
makes mnocence improbable. On the hypothesis that the 
S\we^!^ chitted by the accused the facts faU into 
plwe and form a conclusive whole, though each part 

"10 other hypothesis^can 
be devised which explams the circumstances aa well or 

^ Gf. Logic for the, Million, p. 106 . 
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better, tlie prisoner will probably be, condemned. A rnaH' 
is foimd,.dead with bis tnroat .out. A knife ,iS' found in a 
ditcli close by. There are footprints in the mud. X was 
known to be in the neighbourhood on the day ; evidence is 
. .given .that he purchased the knife a week befo.re; his. boots 
iit the footprints. All these facts might be due to a collo- 
cation of separate causes, but all are explicable by a singte • 
cause, namely, that X planned and carried out' the murder. 
The single assumption is so much more probable than the 
multiple combiuatio.n of circumstances that it .is likely to 
go hard with X, and his business is to produce some fact 
incompatible with the above ex|)lanatiom .Failing this, 
.one or .two more such combinations of circumstances, and 
our conviction of the strength of the hypothejtical argu- 
ment will be evinced in a very practical manner,”^ 

^ J:Iob.[u>uiie, The, Theory of Knowledge, p. 422 . 
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EXAMPLES OP INDUCTION. 

We will in this chapter examiue from a logical stand- 
point some actual pieces of scientific enquiry. It is milv 
by careful study_ and a,nalysis of such examples that one 
appreciates how intensely difiicult is the seamh for knw' 
ledge, how many opportunities there ai-e for error, how far 


removed from the. implicity of a formal ^XI Se 
methods employed is the actual employment of those 
methods. A process whose abstract nature can be described 
by the logician m a few minutes may take months or years 
to carry to^ a successful issue in the actual work of the 

(llRAAVAr'O' wurJA OI 13110 


discovery of truth. The successful questiom 
needs infinite patience, infinite resource, as 
imagination and constructive power, a keen err 
and a sound well-balanced judgment. 

1 . Pomation of Vegetable MouH.— As 

01 a very careful and thorough enquiry eondi 
mtirely by simple observation, and yet reac 
mgh depee of probability in its conclusion, i 
“to the formation i 
mould The hypothesis suggested was that tl 
the action of earth-worms. 
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thickly corered^with reel sand so that the whole surfaot 
appealed at first bright red. When holes were dug in thif 
field after an mteiTal of about two and a lialf years, tbt 

TrisS’rtf ^ surface. 

In l«4a (that IS, seven years after the sand had been laid on) 

fresn holes wpe dug, and now the red sand fomed a dis- 

tmot layer, 2 inches beneath the surface. . . . Immediatelv 

* 1 ® original substratum of 

black sandy, peat extended.^* ^ 

tlie character of the land be disregarded, or 
IS that an essential element? This point was settled by 

on which the first observations were mad^ whenever 
worms were present the result was the same. This of 
course, was an application of the Method of Agreement 
lo take an unpromising instance: Darwin records that 
i.be elialk formation extends all round iny house in 
Kent; and its surface, froin having been exposel durin,'» 
an immense penod to the dissolving action of rain-watei^ 
IS extrmnely irregular, being abruptly festooned and pene- 
tiated by many deep well-like cavities. During the dis- 
solution of the chalk, the insoluble matter, mcluding a 
vast numter of unrolled flints of aU sizes, has been feft 
on the surface, and forms a bed of stiff red clay, full of 
flints, and generally from 6 to 14 feet in thickness. Over 

w land has long remained as 

pasture, there is a layer a few inches in thickness, of 
vegetable mould.’” In some instances, the 
obseivations partook of the nature of experiment, as when 
chalk was spread on a pasture “for the sake of observing 

depth it would become 
I'Wenty-nine years, 

tiie clialL was 7 mclies below tlie surface. Even a steeply 

sloping field “ thickly covered with small and large flints,” 
was after thirty years so completely covered that “a horse 
could gallop over the compact turf from one end of the 
held to the other, and not strike a single stone with his 

’ Darwin, Vegetahh Mould and Barth pp, 184435 

^ //nd, pp. 137439.. ' 
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slioes. . . . Tliis was certainly tlie work of tlie worins, for 
tliongli castings wei’e not frequent for several years,' yet 
some were tlirown up montli after moiitli, and these 
gradually increased in numbers as the pasture improved.’ 
Moreover, ‘'the specific gravity of the objects does not 
affect their rate of sinking, as could be seen by porous 
cinders, buimt marl, chalk and quartz pebbles, havino* all 
sunk to the same depth within the same time.” '-^ 

We have, necessarily, only cited a very few of the 
observations made, but the total evidence goes to support 
a connexion between the existence of earth-worms and the 
formation of mould. 

However, there are apparent exceptions — -large boulders 
do not sink. All the hollow spaces between such a boulder 
and the earth will be filled up, and the surface of the 
ground will be raised to a height of several inches all 
round the edge of the stone. But further examination 
shows that the exceptions are only apparent, and really 
prove the rule. “If . . . a boulder is of such huge 
dimensions, that the earth beneath is kept dry, such 
earth will not be inhabited by worms, and the boulder 
will not sink into the ground.”® In one case in which 
a large stone “67 inches in length, 39 in breadth, and 
15 in thickness ”... had only “ sunk about two inches 
into the gi'ound” in thirty-five years, “on digging a large 
hole to a depth of 18 inches where the stone had lain, only 
two worms and a few burrows were seen, although the soil 
was damp and seemed favourable for worms. There were 
some large colonies of ants beneath the stone, and possibly 
since their establishment the worms had decreased in 
number.”* 

Thus, the apparent exceptions turn out upon closer 
examination to be negative instances — ^where there are 
no worms, there is no sinking of objects. A negative 
instance on a larger scale is recorded. “I examined in 
Knole Park a dense forest of lofty beech-trees beneath 
which nothing grew. Here the ground was thickly strewed 


Ibid., pp. 143-144. » Ibid., p. 157. 

* pp. 152-153, 



with large nalreil stones, and worm-castings were 
whollj abspt. Obscure lines and irregularities on 
surface indicated that the land had beeLultivaLl 

beech Prol^able that a thick wood of young 

f quickly, that time enough was 
casfbWW to co’^er up the stones with their 

enS”^ toe site became unfitted for their erist- 

tTsLuor^+hJ instances, then, go 

to support the iimversal propositions ** If there are 

there IS vegetable mould ’’and “If there is vegetable mould 
are worms. ’ The method applied is mainly that of 

In ^^Ws its support, 

of fhl objections must be met as to the inadequacy 

to produce the results. InS 
gations were, therefore, made as to the number of ivorms 

Srir a ®P“®- He^isen, from counting those 

W ?fl 7 ■ garden, calculated the numlier at 

o3,767 m an acre, though he “believes that worms are 
bere twice as numerous as in cornfields.’”* But more 
definite results were obtained in estimating the well™ of 
Se £tTn a ^ to^^c^refnll/examined casS 

t,ive that in a year castings calculated to yield from seven 
“Sixteen tons per acm ^Hjited.^ By 
lowf toeakmg up the dned castings, and pressing them 
downm a measure the cubical content wi foimd S 
allowance being made for the lesser degree of coTOtess 
“ compared with moulf it was 
that the above mentioned results would yield a 
fe of mould from an inch to an inch and a in 
thickness m ten years. This was found to he rather less 

tfee eS had sunk in that 

t me. Hut aUonance must be made for “the loss which 
the weighed castings had previously undergone thmS 

wiKji clrj, ^ and also for the- lesger ■agency of burrowint^ 

ospccially ants, and of moles. “But ” 
«ay8 Darwm, “m our county these latter several agencies 



^ Ibid., pp. 172-173. * Louis Pasteur, by bis Son-in-law, pp. 127-1G3. 
® From the patois Vfotdpihre (pepper). 
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appear to be of quite subordinate importance in comparison 
with tbe action of wornis.’^ ^ Here we see tlie force added 
to a probability eyen by a somewbat rough application of 
measurement and mathematical calculation. 


2. The Silkworm Disease.^-— The inyestigation ^into 

the nature and origin of the disease which in the middle 
of the last century threatened to destroy the silkwonn 
industry is an admirable example of actual inductiye work 
and of the value of the trained mind to the general coni^ 
munity. It brings out clearly how only to such a mind 
does the fruitful hypothesis occur; it only has the per- 
tinent knowledge without which the true analogy is un- 
seen. The hypothesis once formed the consequences which 
must follow fx*om it are inferred, and then tested. It is 
in this testing that the direct methods are available. Here 
appeal was mainly to that of Exclusions, though in the 
experiments the greater rigidity of the Method of Difer- 
ence was approached. We see, too, how one enquiry grows 
out of another till there is established a system sufficient 
to explain all the phenomena under examination. 

Louis Pasteur was induced to take up the enquiry in 
1865. Amidst the labyrinth of facts and opinions, it was 
not hypotheses which were wanting. Eor seventeen years 
they had been rising up on all sides ’’-—atmospheric con- 
ditions, degeneration of the race of silkworms, disease of 
the mulberry toe, etc., were suggested. But none so far 
had proved fruitful. 

The disease was called pebrine.® It appeared in all 
stages. Some worms languished on the frames in their 
earhest days, others in the second stage only, some passed 
through the third and fourth moultings, climbed the twig 
and spun the cocoon. The chrysalis become a moth, but 
that diseased moth had deformed antennae and withered 
legs, the wings seemed singed. Eggs (technically called 
seed) from those moths were inevitably unsuccessful the 
following year. Thus, in the same nursery, in the course 
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of tke two montlis larm takes to become a moth, 

tbe pebriae disease was alternately sudden or insidious : it 
burst out or disappeared, it bid itself witbin tbe chrysalis 
and reappeared in tbe naotb or tbe eggs of a motb wbicli 
bad seemed sound. ” ^ This was tbe problem Pasteur bad 
'to solTe.. ; 

In a memoir on tbe epidemic M. de Quatrefages related 
that certain naturalists ** bad discovered in tbe worms and 
motbs of tbe silkworm minute corpuscles visible only with 
tbe microscope’* ; that another declared these coi'puscles to 
be present in diseased silkworms, and that they bad been 
perceived in silkworms’ eggs. He only mentioned this 
matter of the corpuscles as a passing remark, being doubt- 
ful of its importance and pex'haps of its accuracy,” But 
it was sufficient to suggest to Pasteur tbe hypothesis that 
these corpuscles, if existent, were causally connected with the 
disease, and it was this hypothesis which be decided to test. 

^ He conducted bis investigation at Aiais, where tbe 
disease was rife. By means of tbe microscope he soon 
detected the presence of corpuscles in the worms. Their 
existence was, then, a fact. 

He resolved to submit them to careful microscopic study. 
Two series of worms were be^ng cultivated. The first 
set was full grown; it came from some Japanese seed 
guaranteed as sound, and bad produced very fine cocoons. 

. . , The worms of [the] second series were sickly and did 
not feed properly. And yet these worms, seen through 
the microscope, only exceptionally presented corpuscles': 
whilst Pasteur was surprised to- find some in almost every 
moth or chrysalis from the prosperous nursery.” 

“Paced by the contradictory facts that one successful 
set of cocoons bad produced coipuscled motbs, while an 
apparently luisuecessfui set of ■worms showed neither cor- 
puscles nor spots, be bad awaited the last period of these 
worms witli an impatient ..curiosity. Ho saw amongst 
those which bad started spinning, some which as yet 
showed Hotspots and no corpuscles. But eorpusedes were 
abundant in the chryHalides, those especially which were 

^ Vallery-Eadot, The Life qf Fmteur^ Eiig. Tmas., p, 117. 

^ IbiL, p, 118 . 





Ihid., p. 120. 

Louis Pasteur^ JSng, Xraua. 
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m Ml mateity, oa the eve of becoming moths ; and none 
of the moths were free from them.” i The remains of 
many other backward cultures were examined, and these 
results were confirmed. He tentatively formulated his 
conclusions at this stage. “ It was a mistake,” he wrote 

to look for the symptom, the corpuscle, exclusivelv in the 
eggs or worms ; either might carry in themselves the germ 
of the disease, without presenting distinct and micro- 
sTOpically visible corpuscles. The evil developed itself 

^ m tlie moths ; it was there that 

it skould ohxefly be sought/' 2 -ucio uudii, 

So far he had not proved that the corpuscles were the 
cause of the disease. He came to the conclusion that if 
his hypothesis were time “ the only infallible method of 
proeimng healthy eggs must be by having recourse to 
moths free from corpuscles.” ^ To teat this he selected 
certain eggs of moths from which corpuscles were absent, 
and others from moths in which corpuscles were numerous. 
These were hatched in the following year with the result 
anfacipatod, that the culture in the^oZe casTwas heSv 
and in the other diseased. The experiment was repeated 
subsequently, and it was found that the pebrine ^sease 
did not appear in cultures from the eggs of healthy moths. 
__ ln the meantinie the question was raised whether the 
disease was contagious. Some considered that contauion 
was certain; the majority, however, either doubted or 
denied its existence; some considered it as accidental.”* 

1 asteur resorted to experiment. “ One of the first ex- 
l^ments was as follows ; After their first moulting, he 
took some very sound worms free from corpuscles, and fed 
fiw ^ ^ porpusculous matter, which he prepared in the 
a manner. He pounded up a silkworm in 

LS ^ paint-brush dipped in this 

+1 ’f'^bole surface of the leaves. During several 

worn? fed'^on S of disease in the 

^ reached their second 

moulting at the same time as the standard worms which 



S ; THE SILKWOEM ' DISEASE.' //; 423 

had not been infected. The second moulting was accom- 
plished without any drawback. This was a proof that all 
the worms, those infected as well as the standard lot, had 
taken the same amount of nourishment. The parasite was 
apparently not present. Matters remained in this state 
for some days longer. Even the third moulting was got 
through without any marked difference between the two 
groups of worms. But soon important changes set in. 
The corpuscles which had hitherto only showed themselves 
in the integuments of the intestines began to appear in 
the other organs. Prom the second day following the 
third moulting — that is to say, the twelfth after the in- 
fection — a visible inequality distinguished the infected 
from the non-infectad worms. Those of the standard lot 
were clearly in much the best health. On emmiiiing the 
infectcMl worms tlirougli a magnifying glass, a multitude 
of little spots were discovered on their heads, and on the 
rings of their bodies which had not before shown them- 
selves. These spots appeared on the exterior skin when 
the interior skin of the intestinal canal contained a con- 
siderable number of corpuscles. It was these corpuscles 
that impeded digestive functions and interfered with the 
assimilation of the food. Hence arose the inequality of size 
of the worms. After the fourth moulting, the same type 
of disease was noticed as that which was breaking out 
everywhere in tlie silkworm nurseries, especially the symp- 
tom of spots on the skin, which had led to the disease 
being called pebrine. The peasants said that the worms 
were peppered. The majority of the wonns were full of 
corpuscjes. Tliose which ^ spun - their cocoons produced 
chrysalides wliidi wei'e nothing but corpusculous pulp, if 
such a term be allowed.”^ . ■ . ' 

This comjjarlson of cases in .-which the disease was in- 
troduced with _ those in which it was 'not seemed decisive 
in .favour of the liypotlu^sis that pebrine was coiitagiouB. 
Ihit to alhw for the infiuence- of.eo'nditioiis in which the 
two canes differcul., ami which had been disr<^garded as unim- 
portant or bocaiisi.^ tliej were iiuknowu, Pasteur was never . 
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tired of repeat!^ this curious experiment, or of varriuo 
Its wnitions Sometimes he introduced the corpuscuS! 
food mto heaiay worms at their birth, sometimes at 
second or thii'd moulting, Occasionallj, wlien tlie wonno 
were about to spin their cocoons, the corpuscubua S 
was given them. AU the disasters that K Wn 
^ve happened in the silkworm nurseries, their extent anil 
their varied forms, were faithfully reproduced PaltTf' 

required manifestation of pebrine”^ 
In each case Pasteur was careful to renrodiit^A 

aU^i^cted* the worms of the standard lot, from Xbh 
all infected worms had been selected ” v.n+ 

ttat the matter mtroduced should be free from^cor^S? 
^ke the others, continued healthy ^ 

A difficulty now arose. Contagion bv exti6rimflT.+ 
proved, but it remained to show how contagion was nossi 
bk under mdustrial conditions. Pasteur eftablishXhat 
there were three causes of natural contagion (' 1 ') The 

SS lued with S! 

puscles. the wo^ by the weight of their bodies Dress 
this against the leaves -. and the leaves when eaten intro 
duce the disease. “By the excreta of corprci^ruTwoS; 
winch he crushed mixed with water and spread “a 

S'p leaves intended for a ringle 

m^l, Pasteur was able to communicate the contagion tols 
many worms as he liked.” (2) “ The six £or3+ .f +i 

S’ 

Ssrs'Sfft’ f 

may be siSdS « Sweeping the breeding-houses 

in a breeding nni-sciJ^^^ very healthy worms were placed 
healthv woTTOo 1 - 1 . ee^ieiderable distance from un- 

LasSv an a ^ I'l^eir turn, became infected.”* 
The^ove exception had to be explained. 

spenments seemed decisive. “ bTevertheless, 


* i6«i„ p. 141. a ^ 


* Md., p. 148. 
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among facts invoked in favour of non- contagion there 
was one wMch it was difficult to explain. There existed 
several examples of successful cultivations conducted in 
nurseries wMch had toi^lly failed from the effects of 
pehrine the year before. The explanation is, as shown by 
Pasteur, that the dust can only act as a contagion when it 
is fresh. Corpxisculous matter, when thoroughly dried, 
loses its virulence. A few weeks suffice to render such 
matter inoffensive : hence the dust of one year is not 
injurious to the cultivations of the next year. The cor- 
puscles contained in the eggs intended for future onltiva- 
tion alone cause the transmission of the disease to future 
generations/'* 


S. Source of I^ower in ¥oltaic Pile.— As an example 
of essentially experimental investigation, we will take 
Faraday experimental proof of the theory that the source 
of power in a voltaic pile is due to chemical action. At the 
time he entered upon this investigation there were several 
hypotheses, “ but by far the most important are the two 
which respectively find the source of power in contact, and 
in chemical force/'* It is impossible to enumerate the 
enormous ^ number of experhuents Faraday made to settle 
this question. But the logical giound of them all was the 
same — to establish the hypothetical: * If chemical action, 
then an electric current,' and its reciprocal * If a current, 
then chemical action,' that is, ‘If there is no chemical 
action, there is no current/ This he did by examining both 
positive and negative instances, that is, by applying the 
Method of Exclusions supported by Concomitant Yaria- 
tions. By numerous experiments he established the posi- 
tive connexion, and showed that chemical action is both 
efficacious in producing a current, and sufficient by itself, 
and without any contact, to do so. For example ; “ Wlien ' 
tin was associated with platinum, gold, or, I may say, any; ' 
other metal which is chemically inactive in the solution of, 
the Bulpliuret [of potassium], a strong electric current was 

ns. 

* Mxpmmmtul Resmrchm in Mectrkit^t'VQh- 11 ., 1 1796 ,. 
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metal,” the electric current of that 

also.i Further, “when the chemical ^ally ceased 
eprent changes also.— This is sC hV^ the 

pieces of the same active metal in the sama 
two pieces of silver be asscSate^ f ® if 

first the one will be positiye and tliAti ^^riatic acid, 

chamgeainthedirecCo?thfc™t w^ 

if by a gradual action, but eseeedino'I^^Tr^ not be slow as 
The negative experiments establishino- th? sudden.”* 

position were also numerous — “ Where no 
occurs no current is produced.-Tht f 

solid conductors, is well known S be tb« ^ ® 
metals and other bodies Tf* >na as with 

true when fluid conSSrs JLiS 
case where they exeSchemS « Jr 
ferent substanis as Xlil a’ dif- 

been employed. . . S a cSiUi'^ ®nlphurets have 
chemical action commences —TWs^n^^ moment 

established by the following experSr'*'^'^ 
of iron and platinum arft ■n1or»ori . n i * *» * plates 

a drop of strong nitric acid at pnr^ separated by 

am ,0 faSolS* “'““■V- , “ 

water be added . . chmnical l+‘ ’ • 5 if a drop of 
powerful current is produced f Tin *T and a 

other additional contact ”3 mthout metallic or 

Method of DiiferS^ “iPPeal to the 

St? trSoiZtrf *-“r »* 

with so many (mrrnntnwf ^-xi^ chemical action .... 

so many non-current circuits •^tih contact and 

be for rftfermr.. . . ^^fij wbat reason can tliprA 


ARGON". 


ttil 


proved and active causa to receive in its place one wliicli is 

merely hypothetical.” V ' 

Buell a brief sketch gives but a faint idea of the tho- 
roughness with which Faraday tested the two rival bypo- 
tlieses, or of the wealth of evidence in favour of the theory 
of chemical activity which he brought forward ; but it is, 
perhaps, sufficient to illustrate the fundamental point that 
the logical character of the method is throughout an appeal 
to both positive and negative instances. 

4. Argon. — We will next examine the researches of Lord 
Eajleigh and Sir William Eamsay into argon, the recently 
discovered constituent of the atmosphere, as recorded in 
the Abstract of their Paper read before the Eoyal Society 
on January 81st, 1895, published in Nature,^ from which 
our quotations are taken. This furnishes us with a very 
complete and beautiful illustration of the logical inductive 
metliod. 

Iffie investigation started from the detection of an uiiex- 
piained residual phenomenon. Careful determination of 
density had shown that nitrogen obtained from various 
chemical compounds is of a uniform density, but that 
‘ atmospheric ' nitrogen is about J pm' cent, heavier. Two 
hypotheses — each of which placed the explanation in the 
character of the lighter * chemical^ nitrogen, and were sug- 
gested by analogy drawn from experience in the chemical 
laboratory — were successively conceived to account for this 
phenomenon, and were rejected after being tested. “ When 
the discrepancy of weights ’was first .encountered, attempts 
were naturally ynade to explain it by contamination' with 
known impurities. Of these the most likely appeared to be 
hydrogen, present in the lighter gas in spite of the passage 
over red-hot cupric oxide. But inasmuch as the intentional 
introduction of hydrogen into the heavier gas, afterwards 
treated in the^same way with cupric oxide, had no efiect upon 
its weight, this explanation had to be abandoned, and finally 
it became clear that the difierence could not be accounted 
for by the presence of any known impurity. At tins stage 


ibid., § 200:^. 
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it seemed not improbable tbat the lightnesa of fi,.. 

extmcted from chemical compounds was to be explainedb^ 

partial dissociation of mtrogen molecules N m& 
atoms. In order to test thfs suggesS^o4^d^ 
were submitted to the action of the silent eleotTn w ■ 
with the result that both retained thSf -roSts 

s j™ “d . f«rar;;s« Sd 

stiU inoie markedly m the negative direction. The cLmiml 
behaviour of nitrogen is such as to suggestthat d1s«ot^+ 1 
atoms would possess a high degree of activitvl.,!^ 
ftdugli ^ might I foS iiS 

ilieir life would probably be sbort Art 
night be expected to disappear, in partial analogy wfthtS 
mown behayioiir of ozone. With fhi« ™ 

lampleof chemically prepared nitrogen was store^fOT^Jiht 
nonths. But at the end of this time the density showed 
10 sign of increase, remaining exactlv as a.t fii-af. ”i 
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j of oAjgeu, water, and carbonic anhydride, is all of one 

I kind,” as such eTidence was logically an exception to the 

I new hypothesis, and, therefore, if sustained, must prove 

fatal to it. This evidence rested upon the experiments of 
Cavendish, “whose method consisted in operating with 
electric sparks upon a short column of gas confined with 
potash over mercury at the upper end of an inverted 

t U tube.”* But it apjpears that these very experiments are 

; evidmee in f avom of, instead of in opposition to, the hypo- 

I thesis of an additional constituent in the atmosphere, for 

; Cavendish records that “a small bubble of air remained 

unabTOrbed” at the end of his experiments. The excep- 

tion is, therefore, only apparent, and when exactly stated, 

; helps to ‘ prove the rule.’ 

The ground being thus cleared, experiments were in- 
stituted to establish the new hypothesis. These were, of 
course, both positive and negative, the former being 
directed to establish the existence of a new constituent 
in_ ‘ atmospheric ’ nitrogen, and the Latter to prove that 
this constituent is absent from ‘chemical’ nitrogen. > i 

The positive experiments, in other words, were directed to 
establishing the proposition ‘ If the excess of density of 
‘ atmospheric ’ over ‘ chemical ’ nitrogen is due to the pre- 
sence in the former of another gas besides nitrogen, then 
this other gas will remain after the nitrogen is withdrawn,’ 
and the negative experiment to showing that this residue 
' cannot be nitrogen, as it is not found when ‘chemical ’ 

] nitrogen is the gas operated upon. 

> The first mode of positive experiment was sparking air 

) to which oxygen was gradually added in the presence m an 

alkali that is, the method of Cavendish mentioned above. 

In every case there was a small residue, and “that this 
small residue could not be nitrogen was argued from the 
fact that it had withstood the prolonged action of the 
spark, although mixed with oxygen in nearly the most 
favourable proportion.”® 

The next step illustrates the function of number of in- 
stances ill experiment— to ensure that extraneous elements 



‘ Ibid. 


‘ P. 3496. 
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iiave not crept in, tlmt is tln^t Anitr l 
are present. It is tiros described - ‘‘Altbo^l 
almost impossible that these residues c^ld bedtW®T^ 
gen or lijdrogen, some anxipfv 4. mtro- 

that the final sparking took place uti/Jai* ^^i^iatural, seeing 
-.1 oonditioJ 

temperature (aaid with it the proportion 
was imdulj high. But 4 S£ th^iTr^ 
this score were removed by comu-irisAT. ’ipon 

which the whole quautity of “ 

small. . . . Several rerlet^^•^nT,c,^^, ori was very 

suits, it became clear tLt the fiuSresfdu?ld 

upon anything that mis-ht h^rv-nn-n depend 

thi’ongh a greatly reduced voln-n^ h passed 

the amount of air operated upon ”’ ipnpoHion to 

“o p* 

due was left, and “on ISsin. In! ■^ ^®®i- 

through a mixture of a^smaU^uLtity 5 
oxygen, its yolumewas still ftiS-w j gas with 
that this reduction was due to the furtf’^°®‘^f ■f®®’^““g 

O.S: -.“‘r- 

porous substance in order ™rogen through a 

mixture of ^ses o" d?n™s" t ^ 

mixture is thus irpafp/l r '^hea such a 

the porous substance fct ^ w£n f T®, 

undergone atmolysis and tha ^^Jierefore, 

and carbonic anhydride had been^a^”’ moisture 

tion which had not^7«^^^^ mmoyed from that por- 
the remaining ‘ atmospherio porous substance, 

hypothesis adopted for invan+^^*+°^^^ should — on the 

density than orSnary ‘atmosT)ba?^*^’*^^'7^® 

contain a larger proportion S mtrogen, as it should 
was foun,! fa\„ *t® denser gas. and f.l,i« 
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yield overwhelming eYidence that ' atmospheric ’ nitrogen 
is a niixtiire of ‘ chemical V nitrogen and a gas of greater 
density, hitlierto unknown, and to which the discoverers 
gave the name 

A series of negative experiments was then entered upon, 
in which each of the first two series of positive experi- 
ments was_ performed upon * chemical ' instead of ‘ atmo- 
spheric’ nitrogen. In each case a very small residue of 
argon was found, from oneminth to one-fortieth of the 
amount that would have remained had * atmospheric’ 
nitrogen been used. Even this small residue could be 
accounted for. In the cases in which it was largest there 
had been leakage and air had entered, and in the others 
“the source of the residual argon is to be sought in the 
water used for the manipulation of the large quantities 
of gas . , . employed.” This is supported bj analogy: 
“When carbonic acid w^as collected in a similar manner, 
and subsequently absorbed by potash, it was found to 
have acquired a contamination consistent with this ex- 
planation.”^ 

The negative experiments thus corroborate the positive 
ones, and the existence of argon is proved ; thus the hypo- 
thesis is established and the first induction is completed. 

The next object was to examine the nature of argon, and 
such an examination yielded many confirmations of the 
results already obtained, by showing that argon di:fiers 
radically from nitrogen. 

The first problem was to determine its density. This 
was first reacdied hj deductive reasoning on the assump- 
tion that tlie accurately known densities of atmospheric, 
and of chemical nitrogen difier on account of the presence 
of argon in the former, and that during the treatment 
with oxygen nothing is oxidised except nitrogen.”® This 
assumption was known to be- .justified because experi- 
ment had proved that ' chemical ’ nitrogen obtained 
from magnesium nitride,, which, had been “prepared by 
passing ^atmospheric ’ ,nitrogen over" ignited magiieBium, 
was of the density usual to 'chemical' nitrogen. “It is 
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tlierefore seen tliat 'diemicar nitrogen^ derived from 
'atmospheric^ Bitrogen, without any exposure to red-hot 
copper, possesses the usual density.”^ The density thus 
obtained was 20’6. Here again we have the suggestion of 
a hypothesis by the quantitative computation of a residual 
phenomenon. This hypothesis was then to be tested ex- 
perimentally. This could not be done by direct weighing, 
as it was not found possible to collect by the oxygen 
method enough of the gas to fill the large globe employed 
for other gases. So a mixture of about 400 c.c. of argon 
with pure oxygen was weighed, and the density of argon 
calculated from the result, and found to be 19*7. The 
argon derived from the second series of positive experi- 
ments was found to have a density of 19*9. As the density 
of argon is thus proved to be different from that of 
nitrogen, this determination supports the conclusion 
already reached that argon is a distinct constituent of 
atmospheric nitrogen. 

A careful examination of the spectrum of argon by 
Mr. W. Crookes disclosed the fact that argon " gives two 
distinct spectra according to the strength of the induction 
current employed.” Mtrogen does the same, “but while 
the two spectra of nitrogen are different in character, one 
showing fluted bands and the other sharp lines, the argon 
spectra both consist of sharp lines.”* Additional confir- 
mation of the existence of argon was thus furnished. But 
further, Mr. Crookes says ; “I have found no other spec- 
trum-giving gas or vapour yield spectra at all Hke those of 
argon,”® and this is a proof that argon is a gas previously? 
unknown. But the fact that it yields two spectra sug- 
gested the hypothesis that argon is really a mixture of 
two gases. This is an instance of how the solution of 
one problem opens up others by bringing to light new 
phenomena requiring explanation. Other considerations 
bearing on this point will be noticed later on. 

The solubility of argon in water was next determined, 
and was found to be approximately that of oxygen and 
about two and a half times that of nitrogen. This con- 
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elusion was proved bj testing the deductive inference that, 
if so, argon would be found in increased proportion in tiie 
dissolved gases of rain water ; tbe test experiment sbowed 
that the argon in ^ water ’ nitrogen is in the ratio of 24 :11 
to that ill ‘atmospheric^ nitrogen. 

Experhueiits were conducted by Professor Olszewski on 
the liquefaction and solidification of argon. “ Pour series 
of experiments in all were carried out, two with the object 
of determining the critical temperature and pressure of 
ai^gon, as well as measuring its vapour pressure at several 
otlier low temperatures, while two other series served to 
determine its boiling and feezing points under atinosplieiio 
pressure, as well as its density at its boiling poiiit.”^ It 
was found that the critical temperature is ~ 12F-0 (that 
of nitrogen being — 146'^-0), its critical pressure 50’6 at- 
mospheres (tliat of nitrogen being 35*0), its boiling point 
— 187°*0 (that of nitrogen being — 194^*4), and its freez- 
ing point — 189''*6, at which temperature it solidifies into 
white crystals (that of nitrogen being — 214'^*0). 

It further appears from experiments made on the 
velocity of sound^ in argon “ that argon giv^es practically 
the ratio of specific heats, viz. 1-66, proper to a gas in 
which all the energy is translational. The only other gas 
which lias been found to behave similarly is mercury gas, 
at a high temperature.”" “In the case of mercury the 
absence of interatomic energy is regarded as a proof of the 
monatomic character of the vapour, and the conclusion 
holds equally good for argon. . . . How a monatomic gas 
can only be an element, or a mixture of elements; and 
lioime it follows that argon is not of a compound nature.” 

But ^whether it is an element or ' a .mixture of elements 
was still doubtful. “ The behaviour on liquefaction, how- 
ever, seemed to prove that in the latter case either the 
proportion of the subordinate constituents was small, or 
else that the various constituents were but little contrasted. 
i\.ii attempt, somewhat later, by 'Bamsay and J. Forman 
Collie tr> separate argon by diffusion into .two. parts, wliicli 
should liavo different densitios or refractivlties, led to no 

1 P. m a. ^ E 352 5. « F. 353. 
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distinct effect. More recently Eamsay and M. W TravAro 
haw obtained evidence of the existence in the atmiSre 
of three new gases, besides hehum, to which have been 
assigned the names of neon, krypton, and xenon. These 
gases agree with argon in respect of the ratio of the specSn 
heats and in being non-oxidizable under the electric Lark 
As originaUy deW, argon included small proportioL of 
these pes, but it m now preferable to limit thn name to 
the principal constituent and to regard tlie newer gases as 
‘companions of argon.- The physical constants asSted 
mth the name wiU scarcely be changed, since the propor- 
tion of the companions is so small. Sir William EatLav 
considers that probably the volume of all of them token 
together does not exceed l/400th part of that of the argon.” ' 
If argon is an element its atomic weight is 40 for its 
molectoe IS identical with its atom, and the molecular 

weight of a gas is double its density, which in the ease of 
argon IS approximately 20. on in rue ease ot 

“ Prom^the manner of its preparation it was clear at 
an early stage that argon would not combine with magne- 
jm or calcmm at a red heat, nor under the toSe 
of the electric discharge with oxygen, hydrogen or nitro 
feitod ^Nbr attempts to induce combination also 

bv ]vr P P pi-fLi P “ was found, however, 

XtriA ^ ^ influence of the sdent 

mixture of benzine vapour and argon 
TOderwent contraction, with formation of a gummy pro(toct 
from which the argon could be recovered. ^ ^ 

which it mature of argon-to 

WhSisTitfA^T'^L®^®^*^ objections^ to the 
Swa?io^ the fact of previous 

SsJhew ^ composL^of the 

qSStos ofZJ^"""’^!^^ variable 

acid, hydro- 

* * •» the only constituents recognised were 
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aitrogen and oxygen. The analysis of air was conducted 
by determining the amoimt of oxygen present and assum- 
ing the remainder to be nitrogen. Since the time of Henrj 
Cavendish no one seemed even to have asked the question 
whether the residue was, in truth, all capable of conversion 
into nitric acid.” ^ 

Even such an imperfect outline as the above makes 
abundantly manifest that induction is by no means an easy 
process, or one that can be reduced to mechanical rules; 
that the procedure starts from, and is guided throughout 
by hypotheses ; that number of experiments is^ appealed 
to only as a guarantee that only Iknown conditions are 
operative ; that the procedure of perceptual analysis is to 
establish a positive connexion, to purge this of exceptions 
and to limit and corroborate it by negative instances ; and 
that one inductive enquiry gives rise to others. 

5 . Sfenry VIII and the Parliament of 1520. — It 
will be fruitful to compare the exactness of experiment 
and the certainty of conclusion possible in such a research 
as that just considered, in which experiment can be used 
throughout to verify or to disprove hypotheses, with the 
uncer^inty of speculation and the balancing of proba- 
bilities which are the sole resources of the labourer in 
social or historical science. As an example of historical 
reasoning we will take Mr. A. F. Pollard’s examination of 
the assertion that at the election of 1529 the House of 
Commons was pacjked with royal nominees.^ Only the 
salient features of the argument are indicated. 

Mr. Pollard contends that the House was not packed, 
but that the elections were- free.^ , This is the hypothesis 
he sets out to establish. He points out that “the election 
of county members was marked by unmistakeable signs of 
genuine popular liberty. There was often a riot, and 
sometimes a secret canvass among, freeholders to pmmote 
or deh}a,t a particular candidate.”**. ' Two' illustrations are; 
given, one of “secret labour -among ' the freeholders' o'f 
Warwickshire,” and the other of 'a hotly contested elec- 
iion between the candidate of 'the . gentry - of Shrops.iiire, . 
i Md., p. ma. Poiiard, Mmr^ VIJI, p. '252., 252, 
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S5 £ ofS •“™“k o' Stowbmr •• n, 

taaedTi^oSt Sri t “S'” id'r-S •;““r“»".' 

.00 “ 0 i 8 M. o, Si^ p„p«iS‘libo£j ‘ „,XLr™' ” 
5^e next instance taken has also only the foive of 
analogy. “In 1547 the council yenS +n v!i ^ 
administer to the freeholders of The e'wt? 

objected, and in spite of the council’s protest^ft l 
l^d no wish to depriye the shire of its-aiferty of ekT 
g<^™™nt candidate had to find an t r SMt' 
of Henty place presumably after the death 

snines thatlfcSLTi^TsolTer?^^ 

T#f ”■ 

in the customary way, namely two eandi 

SSfere.!X''ird‘‘isSlF“ ““F‘i 

The fact, however Jo t remained, 

- oli ™*e £ 

olvever, “m many boroughs, elections were largely 
■ iWd., p. 2S2. “ I64 cZ., p. 253. 
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<IetorHnned bj recommendations from 
nates, territorial or oilciaL’^ It is 
latter would be siibserYient to tlie Idi 
tliat tlie nomiiiations were not royal, and tliere is no evi- 
dence to sliow that such classes were necessarily supporters 
of ih .0 Icing. Eoyal ministers, of course, would be. Apart 
11 om them members would represent the views of their 
patrons, and these might he opposed to the Court. That 
opposition is supported by the fact that “in 
loot) Gromwell’s agents were considering the advisability 
ot setting up Crown candidates against those of G-ardiner, 
ihshop of Winchester.’’^ 

A letter to Groinweil, written in 1529, is quoted in sup- 
^ 1 ? theory that the House of Commons consisted 
ot iio}^al hTommees. On examination this is shown to be 
inconclusive.^ Cromwell sought Henry’s permission to 
serve in parliament in order to be useful to the king. If 
Henry ac^pted his offer he was to be nominated for 
Uxtord. But his election there was not regarded as cer- 
tain an obvious limitation of the royal power. If not 
elected for Oxford he was to put up for a constituency in 
the diocese of Winchester. As a matter of fact he sat for 
laimton. This is not conclusive against royal nomination, 
it does show, however, that there were difficulties in the 
way of Its exercise. It is admitted that there was a 
small number of royal boroughs in winch the king had 
only the same influence as an ordinary patron. 

The next hypothesis to be refuted is that constituencies 
were created in order to further royal influence. Returns 
show that as a matter of .fact there -were 'six boroughs in ' ' 
whicii had never returned members liefore. Two 
explanations are su^ested: < 1 )- Almost all the six had 
iiicreapd in population or importance,. and it is suggested 
tliat their representation was due- to .that. On the general 
principle relating to the .creat.ion of constitueiicies the 
reasons given are adequate. (2) But there is an alteriui,- 
they were created to pack the Hou.se 
ot Coiamous. Tliis is negatived by considering the futility 
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of creating lialf-a-dozen boron glis. > r “ « . n 
nninber of votes was "ttseless, except in tiie on 
^vision of welMnlled partie^of S 
the Parliaments of Henry YIH tIip Vn ^ ^ 

acted as a whole, and n^ inWo sSofr 
the House’ was more apparent in its decisions them tL° 
it IS to-day. Actual divisions were rare- either „ 
posal commended itself to the House or it did nnf 

J2e’^®®Thea^T*-“7^® "®"ally Wmined witCut” 

TOte. ' The analogies drawn from nresent./ie^ ‘ 

are rejected because there were fundameu+il 

SpS't a 

deduction from general principles. ’ at is, as a 

Piirthor, the creation of borons'Iis tn aAi-wza + 1 -. i • i 

mtert mmt to ,tom to to loti-d w ,to i "®? 

Sb™ wLii'.s.c wLS tottVs 

against the Church ThPiV gne7anoes 

terests wereStl fe eS'" tical in- 

show to be unnecessary^ the 

could not be a centre of discon W mi “ * P^rhament 

and trading mpolies Assu^a 

to measures for r^ess ho *'^1 Henry was averse 

during Henry Tlirs interference in elections 

is met by tbe h^thesr tha^^^ f ^ 

j njpotnesis that systematic mterference was 



a later, expedient duetto Cromwell.- As for the' facts : "*it 
was apparent! j tried during the bye-elections of 1584, and 
at the general elections of 1586 and 1589.”^ The motire 
is found in the necessity which Cromwell was tinder of 
finding support in his struggle with “the r^ctionary 
party in the council.” (Notice the (Question-begging 
epithet * reactionary.’) The fact that shortly after tlie 
policy of interference was adopted Cromwell was executed 
is noted as significant, and is alleged to support the 
author’s contention on the ground of a tentative general- 
isation which is illustrated from later times. “The 
packing of Parliaments has in fact been generally the 
death-bed expedient of a moribund Q-overnment.^ The 
Stuarts had their ‘ Undertakers,’ and the only Parliament 
of Tudor times which consisted mainly of government 
nominees was that gathered by Northumberland on the 
eve of his fall in March, 1558; and that that body was 
exceptionally constituted is obvious from Renard’s en- 
quiry in August, 1558, as to whether Charles Y would 
advise his cousin, Queen Mary, to summon a general 
parliament or merely an assembly of ‘notables’ after the 
manner introduced by Northumberland.”^ 

The above example illustrates the difficulty of coming 
to definite and convincing conclusions in the absence of 
full and adequate testimony. The facts on which the 
argument is based represent a selection made from con- 
temporary documents. In Ms condensed narrative the 
historian does not analyse the general value of his sources, 
nor test the sincerity and accuracy of separate statements, 
probably because they are of 'such '.a kind that there is no 
motive for calling their genuineness in question. Taking . 
the facts as they are reported, he shows how they support 
his hypothesis, and the conclusions drawn from it. The 
whole narrative is avowedly a construction which the 
author believes to represeiit the . truth. His attitude to 
history can bo best expressed in his 'own words,'' /^'Re- 
ferring to numerous sourcjes .. for. ■ the' facts , , of Henry 
YIIFs reign made accessible 'in recent '■years, .he says, 
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‘‘ These sources probably contain at Qf « • n • t . 

facts relating to. the reign of Henry YHi'. 

obTious that the tast of selection has become w 
wey as mTidious. . . Yet selection is inevfti r 
arrangement essential. The historian lia« ™!'- ’• 

wishes to be intelligible. He wUl natnrX 
facts so that they spell what he believes tote theT^ 
and he must of necessity supnress thnso y, the ti nth; 
judges to be immaterial or inconsistent whli ?f 
which he is writing. And if tlm snne,-! ^ 
compels both selfction an! 

less a restraint of iud<^ment nn!? ’ ^‘’psels no 
the result of ignorance S',i' ' ' f is merely 

pretend to have mastered' all the fact«°^^^^ historian will 

all the evidence, or pronounced ^ S f weighed 

will 

many empirical laws, and give in oumnfre®“f^"''°?^ 
which the wave theory of light eradnX*^ 
acceptance. The steps cannot be live?in^deT«^ 

.ji to 'iiM J* J" 

theory of sound. Both licbt 0^ analogy with the 

reflected accorLg to the T®® to be 

knownthatson2smoml20tor’ 

such as air or wood ^ Hence tlic through a medium 
propagated in a similai OOy 

very nature cannot be concfflVedevL^ ^ "*^^ 

medium which transmits the m continuous 

ns from the starr 

the arrival at the earth of\ght^from'''ae ^ 
assume, if we adopt the wfl-£ +n 'nnst 

intervening space ^of n a the presence in the 

transmitting waves medium capable of 

ng waves. Smce the properties of the mediu.n 
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eaimot be directly apprehended bj the 
arrive at tlieni by the indirect method < 

IJiiygeiis, ill his Traite d& la Lumierk 
gave the earliest important exposition 
of light. That theory in its present forn 
candle or gas flame, the incandescent filamSh 
glow lamp, a glowworm, or any other materiaF t)Od.y gene- 
rating light, does so by the propagation of vibrations 
through the Inminiferons ether. The vibrations are pro- 
pagated in the form of waves in every direction in such 
fashion that the wave-front has the form of a sphere. 
Moreover, around each particle of a vibrating medium 
as a centre other spherical waves are formed. The ether 
is assumed to fill all space and to permeate all matter, to 
have a definite density, and to possess elasticity. 

When Huygens wrote, two important empirical laws in 
relation to reilection and refraction had been established. 
If a ray of liglit is reflected from a perfectly smooth sur- 
face, the angle between the ray of light and the perpen- 
dicular drawn to the surface at the point where the ra.y 
reaches it, is equal to the angle between the reflected ray 
and the same perpendicular. Both reflected ray and 
incident ray lie in the same plane. On the other hand, if 
the smooth surface ivS that of a transparent medium, a 
second ray starts from, the point of incidence and traverses 
the transparent medium,. : ■ This . is , termed, the refracted 
ray, and uiakes an angle with the perpendicular as before 
defined which bears a constant ratio to the angle of 
incidence. The value of the ratio in any particular case 
depends on the nature of the two media through which the 
light passes. Huygens showed that' these: laws .of reflec- 
tion and refraction follow at once if light is assumed to be 
wave motion with a speed of propagation that is the 
same for eac5li medium, but different for different media. 

So far the theory was capable of explaining important 
phenomena of light, but as Huygens formukhnl there 
were other phenomena which it did not explain. It did 
not account for the fiwit that light travels in straight lines. 


Hee. IScker, Ughifar Ih 2'B6, 
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On analogy with soimd it seemed as thongii light shoukl 
be seen, as soxmd is heard, when a material obstacle inter- 
venes. On this ground hlewton rejected the theory. If 
light consisted in vibrations it would, like sound ‘ bend 
into ‘the shadow.'”^ He preferred, therefore, the rival 
corpuscular theory that light consists of a great number of 
material particles travelHng at a great speed and emitted 
by luminous bodies. This theory easily explained the 
rectihnear propagation of light since the particles them- 
selves were conceived to move in straight lines. It also 
accounted for the laws of reflection and refraction, thouo*li 
it did not explain as well as did the wave theory how thm^e 
could be both reflection and refraction in the case of a 
transparent medium. Two assumptions were made : first, 
that the luminiferous particles are perfectly elastic ; second^ 
that they travel faster in a denser medium. Granted the 
perfect elasticity, the laws of reflection could be easily 
deduced: granted the more rapid propagation in a denser 
medium, the laws of refraction at once followed. Thus 
the corpuscular hypothesis was moulded to fit the facts. 
But neither hypothesis gave a satisfactory explanation of 
all the facts. After considerable hesitation Newton pro- 
nounced in favour of the corpuscular theory, and his great 
authority caused the wave theory to fall into disrepute 
until it was revived at the beginning of the nineteenth 
century by Young, in England, and Fresnel in France. 

To these men was due the first statement and develop- 
ment of the prmci^le of interference. When any medium 
is set independently vibrating at two points very near to- 
gether, the wave-motion with its centre at one point will 
overlap and interfere with the wave-motion which has its 
centre at the other. When the crests or the hollows of 
the waves from each source coincide they accentuate the 
separate eflect of each, but where the crests from one 
meet the hollows from the other the separate effects are 
neutralised. In the first case the vibrations differ in phase 
by a wave length or some multiple of a wave length : in 
the second, they differ by a half wave length or some odd 
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iDull-ipie oi ii. N'ow if light be due to wave-motion there 
should be cases in which waves from two sources of light 
interfere witli one another so as to give increased bright- 
ness where the waves help one another, and to produce 
darlrness where they act in opposite directions. Fresnel 
produced the phenomena by experiment. A beam of sun- j 

light was introduced into a darkened room and focussed at ( 

a particular point. This point was reflected from two 
mirrors arranged at such an angle that the two sti'eams of 
liglit followed a slightly different path, but near enough 
together to produce the phenomena of interference if the t 

wave theory were true in fact. It was found that alternate J 

bright and dark bands of colour were produced as the i 

theory had led him to expect. ‘ 

The experiment was varied by passing the white light 
through glass of different colours, hut the results only 
served to contrm the principle of interference. With red 
light, for example, the bands were alternately red and 
black. Newton had Ijeen familiar with the plieiiomeiia in 
another form and liad explfiined it by means of the corpus- 
cular theory with the aid of one or two further assumptions 
as to the mode of action of his light particles. His expla- 
nation was “reasonable and ingenious,” but one of Ms 
assumptions has been shown experimentally to be un- 
warranted. “ Fresnel’s experiment gives decisive evidence 
in favour of the wave theory of light. That light when 
added to light should produce darkness is ineomp)rehensible 
on any theory of the material nature of light.” ^ 

But the difficulties of the wave theory were so great in 
themselves that it did not appear decisive at the time* 

.Fresnel had, however, lessened them by showing that the 
approximate rectilinear propagation of light could be ex- 
plained by wave-motion. Mathematical considerations 
prove that on the assumption that the length of a liglit 
wave is very small in comparison wiili ordina.rj magni' 
tildes the path of a ray of light would not differ ayspro 
(iiably from a straight line* It cjm lie shown by ind(^|K»mh^nt 
methods “that, as a matter of fact, the wave lengib of 
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light varies between 0-4 x 10~® mm. and 0-8 x 10~“ mm 
according to its colour,”* and this length is of the requi’ 
site degree of smallness. i ■ 

But in strict theory “waves of such lengths should 
exhibit a slight tendency to bend round corners and the 
effects of this should be observable under aT)Dror.riatA 
ditions.”^ If light travelled in straight W the shadows 
cast by objects not illuminated by other sources of lialit 
should have clear cut outlines, and be of definite geometri 
cal shape. Grimaldi in the seventeenth century had oh" 
sei-ved phenomena at variance with this deduction Ee 
introduced a pencil of hght into a dark room through a 

small hole. “ The shadow cast by a rod held in the cone 

of light was allowed to fall upon a white surface To his 

surprise he found the shadow wider than the computed 
geometrical shadow; moreover, it was bordered by one 
two, and sometimes three coloured bands. When the 
light was very strong, he saw, in addition, coloured bands 
inside the shadow itseK. On replacing the rod by an 
opaque plate with a small hole in it, the illuminated circle 
was found larger than it should have been on the supposi- 
tion that the rays travelled past the edges of the hole in 
exactly straight lines. This and other experiments estab- 
lished the fact that Hght bends very slightly round a 
comer. He called the new phenomenon ‘ difcaction’* 
Diffraction was explained on the emission theory “by 
means of hypothetical laws of attraction and repulsion 
between the light corpuscles and the edges of the 
object causing diffraction.” ‘ At a later date the pheno- 
menon was studied experimentally, and the facts were 
tound to DO m accordance with deductions from the 
assumed propapagation of light in waves through ether 
as a medium. Again, both hypotheses explained the 
phenomenon. 

A further difficulty in the way of accepting the wave 
theory arose from the polarisation of light. If a ray of 
light he passed through a rhomb of Iceland spar it will 

, \ 427. ® Ibid., p. 427. 

' Cajon, Hutory pf Bhyaics, p. 88. ^ Jltid,, p. 143. 
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take two diffeimt paths. One of ; the two rajs is called 
the ofciwmf j raj, the other thb extraordinary. It is the 
latter which is said to he polarised. Malus discovered that 
similar pheiioiiieiia are produced by reflection. ‘‘ At this 
time no explanation of polarisation had been given by the 
wave theory, 'which was in great danger of being over- 
thrown by the new mass of evidence furnished by Malus. 
Thomas Young wrote in 1811 to Malus, who was a pro- 
nounced partisan of the emission theory: ‘Your experi- 
ments demonstrate the insufficiency of a theory (that of 
interferences), which I had adopted, but they do not 
prove its falsity.^ In other woixls, he did not feel 
called upon to abandon his hypothesis, but felt that he 
must seek some modification of it which would explain 
the new facts brought to light. As the wave theory then 
stood, the wave-motion of light was conceived as similar to 
tiiat of sound, and therefore the vibrations "were thought 
to be only loiigitudinal, that is, in the direilioii of the ray. 
Tliis assumption did not account foi’ the direction of the 
polarised ray. But Fresnel assumed that in this case the 
vibration was in a direction transverse to the ray, and 
then showed that the consequences of this assumption 
were borne out by the facts as experimentally deter- 
mined. Thus with a slight modiflcation the wave theory 
was proved to explain adequately- all the phenomena- of 
polarisation. 

But the corpuscular hypothesis ivas not yet dead. For 
example, wlien the rich colours produced by polarised light 
were discovered by Arago in 1811, “partisans of the two 
rival optical theories hastened to. find explanations of this 
phenomenon. ... On the undulatory theory explanations 
were given first by Young, then more fully by -Arago and 
Pi*esnei. On the corpuscular theory, the facts were ac- 
counted for by Biot in a complicated research of great 
mathematical elegance.”^ Bloreover Brewster, who did 
miieli to further the study of ' polarisation in crysttds, 
asseided that “his chief objection to thc! ondsilatory 
tiioory of liglitr was that ho could not think the Creator 



^ Cajori, op. dt.f p. 146. 


^ Ibid., p. 147. 


446 


EXAMPIiBS OB' induction. 


[CH. 33 


. 


SO clumsy a contrivance as the fiUing of suae. 
With ether m order to produce hght.’’i 

The claims of the rival hypotheses as alternative er 
planations were not decided until 1850. “Newton tTi 
deduced the laws of refraction from his corpuscular them 
of hght by assuming that the luminiferous particTes 
trayelled faster in a denser medium TKa t 

theoiy reverses this. It also explains the phenomenon 
of retraction as dependmg on the different velocitTeTin 
the two media ;Jmt it requires that the velocity shodd 
be less m the denser medium.”^ Foucault derised an 
apparatus by means of which the velocity of light in air 
and m water was dirwtly measured. He found^ that the 
velocity was greater in air than in water. But water is 
the denser- niedium, and on the corpuscular hypothesis 
light ^should travel faster through it. The exnerimpnf 
thm-efore, definitely disproved that hypothesis ® ^ 

Since then the wave theory has been regarded as estah 
hshed. But it must be noted that FoucaulS ex^rSi 
does not prove it : it only disproves the rival hypothesis 
and shows that the wave theory, if true, accounts for the 
empirical law of ref^tion. To establish the wave theory 
itfould be necessary to show that no other 
hypothesis explains the facts ; though none other has been 
suggested, It would not be safe to say that no othL Is 
possible. However, the probabiUty of the truth of the 
TOve theory is wy great owing to the wide range of 
if laws which ^n be deduced as consequences from 

ft tlie theory raises is the 

natime of the ether which it postulates. To form an ade- 
qmte conception of a medium filling all space, with some 

inis V ^ perceptible to the 

senses, is a task which waits for its fulfilment in the future. 


1^‘ Tyndall, Site Lectures on Light, p. 49, cit. Oajori, op. cU., p. 

* cfauo 





CHAPTEE XXXIII. 

QTJANTITATIVB DETBEMINATIOK. 


1. Meastufement. — ^We liave considered in the pre- 
ceding chapters how the existence of a necessary relation 
between phenomena can be established. But all perceptible 
facts are measurable, and, consequently, a relation between 
them is stated with perfect definiteness and exactness only 
when it is expressed in quantitative form. We must not 
only be able to say generally that If S is A it is X, but that 
for every definite value a, of there is a corresponding 
definite value x, of X. Thus, as Mach says, “The laws 
of nature are equations between the measurable elements 
of phenomena.” ‘ 

No doubt the attainment of precise mathematical state- 
ment of law is only possible in the most advanced branches 
of science. Every branch of knowledge is at first merely 
qualitative, or at best very roughly quantitative. The 
ancient Chaldean astronomers, for example, were satisfied 
to record an eclipse to the nearest ho ur, but now the time 
is fixed to a very small fraction of a second. As the power 
of exact measuiement is increased, science advances ; and 
thus the invention of a new and more exact instrmnent of 
measurement has, as Jevons remarks, “ usually marked, if 
it has not made, an epoch” in the branch of science to 
which it is applicable. This dependence of the advance of 
science on progress in the power of measurement is forcibly 
illustrated by De Morgan. “ Had it not been,” he remarks, 
“for the simple contrivance of the balance, which we are 
well assured (how, it matters not here), enables us to 
poise equal weights against one another, that is, to defect 
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equaHty and inequaUty, and tHence to ascertain how manv 
times the greater contains the less, we might not to S 
day have Had much clearer ideas on the sutqeet of weight 
as a mapitade than we We on those of tient, prSce 
or self-demal, looked at in the same light. ”4 IndeS 
s^entific thought is^ exact thought, physical scieW tarn 

in a quantitative form 

Numerical precision ... is the very soul of science 
its attamment affords the only criterion or at 
be,t. of tt, trua of theorie.,Ld “! 

permients. . . . Indeed, it is a character of all the hichpr 

srimW’-- P™ inanmltL 

IS complex ; that is to say, it is due to tS i'oStW ! 
seyeial conditions, it is the embodiment of a nlur'illfv 
relations Its whole nature, therefoircan never^f 
onfwh^L^’^l ia,w is the statement of only 

one c^f these relations. Hence, each law is highly abstract 

and IS hypothetical in essence, even when expSsS W 
categorical form, as it states not what does Cen W 

mtions. But it IS frequently impossible to secure these 
other and interfering conditions 
WenSde?/'*^^® which meet in a concrete fact are not 
Smother ' counteract 

laws— as ea Se la quantitative 

n Lt qlr. Y never exactly realised 

fro^L fv ^ n? f cannot be simply read off 

fiom the facts which more or less fail to fulfil it. It is a 

hypothesis of the quantitative relation which would hold 

SwnTttf r’ “ established inZectiy 

£ SIlS -if %tions from it can themselves 

condffi^ interference of other 

This becomes more evident, however, when we remember 
* Logic, p. lYd. 

lierseM, Dtacowic m Natural Philosophy, §§ 115 - 6 . 
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that facts are known to us only as they are observed by us, 
and that all observation is determined not only by the fact 
but by the observer. All observation, whether made with 
or without instruments, rests at bottom upon the accurate 
interpretation of sense impressions ; for instruments and 
other artificial means of improving observation can do 
nothing but bring the observed object, by breaking it up, 
magnifying it, and so on, within that range of moderate 
quantities which can be gauged by our senses. But how 
erroneous our inteip^retation of sense impressions may be 
is evident to anyone who considers, for instance, how 
much larger the moon appears to us when it is just above 
the horizon than when it is in its zenith, or again how the 
shape or size of the same object seems to vary with its 
distance from, and relative position to, the observer. 

It is true we never attempt to estimate absolute, but 
only rcilative, magnitude; in other words, all measurement 
is comparison wdth a standard unit. What character of 
unit should bo employed for the measurement of any kind 
of quantity is a matter of the greatest practical impor- 
tance, but it is one which concerns the particular branches 
of knowledge, not general logical theory. The recognition 
of this comparative character of measurement, however, 
makes clear that its accuracy is relative to our power to 
distinguish diJ^erences by our senses. And this power is 
limited, even wdth the most delicate instruments. Few 
measurements of any kind,*^ says Jevons, ** are exact to 
more than six significant figures, but it is seldoni that such 
accuracy can be hoped for.”^ When, then, it is said that 
two magnitudes are equal, all that is meant is that our 
most exact instruments fail to .make apparent any differ- 
ence l>etween them ; but it does not follow that with more 
delicate instruments some difference would not appear, 
Tims a rough balance would indicate equality between two 
weights which a more delicate instrument would show to 
differ. A mediail prescription could not be satisfactorily 
made up with a pair of grocer’s scales. 

Ihirtlier, the a(3tuai correctness of measurements even 


I. L, 


^ Prkmpies of Bcknct, p. 303. 
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within this limit of possible accuracy cannot be assumed. 
This is evident from the fact that two careful mea- 
surements of the same magnitude never exactly agree, 
and, therefore, one or both are erroneous. Indeed, ‘‘we 
may,” as Jevons says, “look upon the existence of error 
in "all measurements as the normal state of things.” ^ 
ISfow ‘error’ means a discrepancy between the magnitude 
given by actual measurement, and that estimated as the 
application of the law to this particular case. It might 
seem, at first sight, that the law was, therefore, shown to 
need modification and restatement. But this is not neces- 
sarily the case. If, as the experiment is repeated more 
and more carefully, the results approximate more and 
more to the law, then the law is confirmed: exact coinci- 
dence must never be expected. Bor instance, a student 
“ learns that two pints of steam at a temperature of 150 ° 
Centigrade will always make two pints of hydrogen and 
one pint of oxygen at the same temperature, al of them 
being pressed as much as the atmosphere is pressed. If 
he makes the experiment and gets rather more or less than 
a pint of oxygen, is the law disproved ? No ; the steam 
was impure, or there was some mistake. Myriads of 
analyses attest the law of combining volumes ; the more 
carefully they are made, the more nearly they coincide 
with it.” Or again, “ The place of a planet at a given 
time is calculated by the law of gravitation; if it is half a 
second wrong, the fault is in the instrument, the observer, 
the clock, or the law; now, the more observations are 
made, the more of this fault is brought home to the instru- 
ment, the observer, and the clock.”* 

It thus follows that our laws are more exact than our 
observations and experiments can ever be, and that, con- 
sequently, they cannot be derived from mere comparison 
of the results of these observations, but are hypotheses 
which are more or less exactly verified by those experi- 
ments. Indeed, even were our measurements exact, yet 
they are only of isolated quantities, while the law gives 
the general formula of relation which claims to he applic- 


^ Op, ciL, p. 357.. * Clifford, Lectures and Essays, pp. 91-92. 
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able to all other degrees of ma^itude of the same pheno- 
menon. The law is thus seen to be a result of the synthe- 
sising activity of mind, an activity which leads ns to think 
ot ail nature as constituted by universal and definite laws 
As, then, every measurement is more or less inaccurate 
the question next arises as to whether, and how far such 
error can be explained. In some eases it can; alloTOnce 
may to made for the influence of modifying conditions 
when they are known to exist; e.gr. for friction in any 
experiment doling vdth the law of inertia; for tempera- 
ture in experiments with the pendulum, or in measuring 
with metal rods. In other cases, there is a known and 
constent source of error in the instrument by means of 
which the observation is made-ay. a clock may be known 
to be a second too fast or too slow. Again, there is with 
all observers a_< personal equation’ which is practically 
constant, as it is always in the same direction and of the 
same average amount ; that is, one observer will always 
note the time ot an observation a little earlier tlwn 
another. Thus, “ the difference between the iudgment 
of observers at the Greenwich Observatory usually wies 
from Ttu to I- of a second, and remains pretty constant 
for the same observers.”* The average amount of this 
peraonal error may then be calculated and aUowed for 
But there are other errors which cannot be explained 
I hey are due to causes which are unknown, or whose 
j^uence is so inconsistent that it cannot be calculated 
Ihey may result from the operation of some law not 
known to the observer, or to the imperfection of man’s 
powers of observation and of his instruments. On this 
we will quote an excelled passage from De Morgan’s 
Ussay m Frohabihiy: “To note a measurable pheno- 
menon without any error at all, would require sight and 
toucli by which eveiy magnitude, however small, could to 
penteived and correctly estimated. Such senses belong to 
no one. and the degree of approach towards perfection not 
only vanes with the observer, but is different at different 
times with the same observer. Many errors to wliick 


^ JevoM, cU,, pp. 347--348. 
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instruments are subject ought in strictness to be 

a. fcjt W, a, lor in^ „■ 2£„tS 
cpcle graduaUy change its form, or imdergo daily exmT 
Sion md contraction by variations of temperature, £ 
diversity of results which such a piece of brass will shZ 
are certainly subject to laws, and might be predicted if 
we possessed sufficient knowledge of the conWution’of 
the metal, and the laws which regulate the effect of ore., 
sure, temperature moisture, etc., upon it. But so lo4 as 
such kws are unsown, and the variations do not Mow 
any distinguishable rule, their effect upon general resX 
differs in nothmg iwrceptible from that of the observS 
own errors, TOth wtech they are mixed up in the particular 
results of observation." ‘ When, therefore, aUo4nce has 
been made for aU known sources of error, there yet remaL 
discrepancie^hose causes, character, and magnitude are 
unknown._ We must, then, consider briefly how the scien! 
^ seeks to eliminate such chance errors. 

.There are two broad cases: first, when the effective con- 
ditions of a phenomenon are unknown; secondly when 
measurements actually made differ slightly from each 
?) 1 - former, appeal is made to the Theory of 
Probability; in the latter, to methods of eliminating the 
mnuence of sources of error in measurements. 

2. Probability, 

( 1 ) Basis of ae Theory.— When, in any particular 
case, we do not know what conditions are operative, we 
cannot tell, on the one hand, what result will appear, nor, 
on the other, can we say positively what conditions have 
produced a certam given event. In such cases we are 
Mcustomed to speak of the occurrence as due to chance. 

Tw® conception of the unity of nature forbids 
Pv flement of reality can be really casual. 
Every detail is, m the strictest sense, necessary, and deter- 
a-b^lutely by conditions-all is causal, nothing is 
knowledge complete, then, the idea of 
would disappear; it is due solely to the imperfection 

*Pp. lSO-131. 
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of that knowledge. This imperfection is, of course, greater 
m some cases than in others ; it may affect the event as a 
whole, or it may affect only some particular aspect of it. 
But, even with imperfect knowledge, we are often called 
upon to come to a decision or to act. The question then 
arises as to what we ought rationally to expect. 

^ The estimation of such rational expectation is the pro- 
vince of the Theoi^ of Probability. ProbabiUty is, thus, 
to be siibjectiTe in the sense that, "when we say that 
the probability that an event will happen in a certain 
way IS l/w, what we mean is that the relative amount of 
knowledge and ignorance we possess as to the conditions 
01 the^ event, ^ justify that amount of expectation. The 
event atseif will happen in some one definite way, exactly 
aeternnned by causation ; the probability does not cleter" 
mme that, but only our subjective expectation of it. In- 
deed, without the assumption of the necessity of the actual 
event, there would be no basis for the calculation of 
probability. The very foundation of the theory is that 
possibilities can be limited to a definite finite number. 
We know, in other words, that the general relation If S is 
A IS X holds ; but we do not know what particular form 
—iTj or jTjj or , . , will take, because we do not know 
in what ex^t form— a j or or » ^ ^ an — the general con- 
dition A will be realised, though we are bound to assume 
that ^ every definite form necessitates one perfecti v 
definite form Xn, ^ 

It is from this combination of knowledge and ignorance 
that the calculation of probability starts. Its logical basis 
is thus seen to be the disjunctive Judgment. But certain 
cjonditions must lie fulfilled by the alternative specifications 
which form Its predicate. ' They must first, as has been 
saitt already, be exhaustive- of the whole range of possi- 
bility. Secondly, they must be. definite, and therefore, la ■■ 
agrwment with the principle of identity. Thirdly, they ' 
must TO mutually exclusive. As we saw in our' discussion 
ot the disjunctive proposition, the form of the proponition 
does not guarantee this exclusiveness though the .nature' of 
the alternatives often^does. . But where there is any .doubt. . 
on the matter, the disjunction, may always be bo written .■ 
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; natives equal in value. Thus, for example, it is extremely 

improbable that a baud at whist should consist entirely of 
trumps. Yet the probability of this is no less than that 
of any other one definite hand. It is its interesting 
character which draws special attention to it, and causes 
us to recognise how enormous are the odds against it. 
This we do not recognise in the case of other hands., If, 
then, a person told us he had held a hand of thirteen 
trumps the previous evening, we should probably feel more 
hesitation in believing him than if he told us he had held 
a hand consisting of certain definitely named cards. Yet 
the antecedent improbability would be no greater in the 
one case than in the other. Were the person, however, to 
claim that he had, previously to playing, written down the 
contents of a certain hand, and that he had actually been 
, dealt that hand, we should probably hesitate to receive his 

; statement Just as much as if he told us he had been dealt 

j thirteen trumps; for the previous defining of the hand 

would have made the odds against it as apparent as in the 
other case. 

When we hesitate to believe the statement of such co- 
incidences it is because we feel that the odds against the 
; occurrence were antecedently very great, and we balance 

j that with the odds in favour of the credibility of the 

i witness. If we do not doubt his credibility, we receive tlie 

I statement in spite of its antecedent improbability, for to 

I assume that the extremely improbable is impossible is to 

fail into a dangerous fallacy. The way in which we use 
our terms in discussing such a case shows that probability 
and improbability are not opposed terms in the theory of 
probability ; improbability only means a very low degree 
of probability. It is, however, very vague in its reference ; 
so, in all calculations, the probability only is spohen of, and 
this may, of course, be very high or extremely low. 

(ii) of .ProhaMIltj.— The MI exposition' 

of the appliaitioiis of tlM3 theory of probability would' tafe 
us far beyond our province* into the' regioa^/of' iiiatlie- 
matics. We are here. , eoncenied only with the: logicid 
chanioter of the theory,' and' w@: will; pursue its, develop-, , 
meiits only so far as is necessary to show how it is, based'. 



'I' 
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as 4o make all th^ alternatives /orma^Z?/ exclusive— tliiis 

S is either mn or mn or mn expresses, witk formally ex- 
clusive predicates, tlie disjunctive proposition S is 
m or n.K Lastly, the alternatives must be of equal value, 
i.e., if they are given — as they always may be — -as alter- 
native consequents in a hypothetical proposition, those 
consequents must be equally likely. 

If the disjunctive proposition is given in categorical form, 
this condition postulates that the alternative predicates 
either shall be equal and co-ordinate specffications of the 
c^mon genus, or shall refer to equal extents of denotation. 
Thus, if an urn contains one black and six whit© balls, the 
disiunction that a ball drawn will be either white or black 
IS doubtless correct ; but it is not a basis for the calculation 
01 probability, for black and white are not specifications of 
equal value of the genus ball. Or, stating the proposition 
in hypothetical form — ^If a ball is drawn, it is either white 
or black— the consequents are not equally likely, owing to 
the preponderance in number of the white balls. And 
this condition of equivalence can never be ful- 
nlled when one of the alternatives simply negatives the 
other,^ owing to the indefinite range of reference of the 
negative term. Indeed, such a disjunction would not fulfil 
the second condition given above, which requires that each 
alternative shall be definite. 

But it is necessary to enquire into the justification for 
regarding the alternatives as equally likely. This justifica- 
tion must be found in our ignorance as to what precise 
conditions will be operative. Bor example, if a penny is 
mssed, it will fall with either head or tail uppermost, 
^ow, which will be uppermost in any particular throw will 
be exactly determined by such conditions as the position 
01 the coin at starting, how it is grasped in the fingers, the 
01 ce and direction of the twist, etc. But what special 
ixr conditions will take we are totally ignorant. 

We know that if S (the coin) is tossed (4), it will fall 
with one side uppermost {X) ; but as we do not know the 
orm an which A will take, we do not know whether X will 
appear as Aj (heads up) or (tails up). 

I here is, thus, in eyery such calculation a basis of 
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knowledge. We know tlie coin will lie on one of its sides 
and. not on its edge ; but we have no reason to eipecfc one 
side ratlier than the other to be uppermost, that is, we 
have no reason to believe the chances to be unequal But 
further, we also know that in a long series of throws the 
sides which come upwards will succeed each other very 
irregularly, and yet with an approximation to equality in 
frequency. We have thus, in addition, objective and 
positive reason to believe that the chances for head and 
tail are at any rate approximately equal. 

Experience thus tends to verify the hypothesis of equal 
probability to which we are led on the subjective ground 
that we know no reason to expect one result rather than 
the other. For when this is the case, we expect that these 
unknown conditions will in the long run make as often for 
one result as for the other, and, therefore, that the possible 
results will be realised with equal frequency. Of course 
this can never be exactly verided, as that would involve 
the examination of an intinite series of occurrences, which 
is impossible. To stop in a series of observations — e.g, of 
the throws of a penny — when the possible events have all 
happened an equal number of times, would obviously be 
to beg the question ; for a continuancse of the series would, 
in all likelihood, show a divergem^ from equality. But 
as, in a long series, the approximation to equality is always 
fairly close, experience may be said to give as full con- 
firmation of the theory as the case permits. 

The calculation of probability is, nevertheless, not depen- 
dent upon the actual experience of any series. It is 
possible, not only when we have grounds for lielieving 
the ohances to be equal, but when we have no reason for 
assuming them to be unequal. In fact, our whole data | 

is knowledge of the number of ; equivalent possible cases, 
and the absolute absence of any .ground for preferring one 
rather than the others. We may calculate the probability 
just as well when only one of the possible eases can be 
jMjtually realised— c.y. one throw ..of .a penny— as when we 
are dealing with a scries in which all the alternatives will 
be actually realiBccl an approximately equal nunibor of 
times. , , , , 
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It is said sometimes that the idea of equally likely 
alternatives is based upon equality of belief in their occur 
rence, This is to mate the question too entirely and 
individually subjective. The belief of any individual is 
influenced by many conditions, some of which are wenerallv 
more or less irrational and independent of any valid 
justification. Thus, belief in the possible occurrence of 
any event ^would vary with different individuals. But 
the probability does not vary with it. It is not, therefore 
actual belief, but what ought to be believed, that is defined 
by probabihty. And what ought to be believed is but 
another name for rational expectation, that is, expectation 
based upon the proportion of available knowledge to imor- 
ance. Probability is, therefore, a measure of knowledge 
and so defines what ought to be believed, instead of being 
based upon what actually is believed. ® 

Prom what has been said, it is evident that the amount 
affected by considerations of time. 
Whether the calculation refers to an event in the past or 
m the future, or to the truth of a universal proposition is 
immaterial; it is in every case based on the same prin- 
ciples. No doubt most illustrations of the doctrine are 
drawn, from, games of chance, as such games exemplify the 
conditions in the simplest way, and these have generally a 
reference to future expectation. But our knowledge and 
Ignorance may be combined with reference to a past event 
m the same way as to one in the future, and we must 
calculate the probability of the reality of that event on 
the same principles. _ Thus, the theory of probability is 
applicable to the credibility of testimony, as well as to the 
prediction of a future occun-ence. No doubt, when an 
event has occurred, we can frequently get more exact 
nowledge of it, and then, of course, the need for the 
calculation of its probability is, to that extent, removed ; 
but so long as we do not know exactly what has happened, 
but omy that one out of a certain number of alternatives 
to probability remains. 

J-he distmetion so frequently drawn between probability 
before and after the event is due partly to the neglect of 
this consideration and partly to failure to make the alter- 
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natives equal in value, Tims, for example, it is extremely 
Improbable that a hand at whist should consist entirely of 
trumps. Yet the probability of this is no less than that 
of any other one definite hand. It is its interesting 
character which draws special attention to it, and causes 
us to recognise how enormous are the odds against it. 
This we do not recognise in the case of other hands. If, 
then, a person told us he had held a hand of thirteen 
trumps the previous evening, we should probably feel more 
hesitation in believing him than if he told us he had held 
a hand consisting of certain definitely named cards. Yet 
the antecedent improbability would be no greater in the 
one case than in the other. Were the person, however, to 
claim that he had, previously to playing, written down the 
contents of a certain hand, and that he had actually been, 
dealt that hand, we should probably hesitate to receive his 
statement Just as much as if he told us he had been dealt 
thirteen trumps; for the previous defining of the hand 
would have made the odds against it as apparent as in the 
other case. 

When we hesitate to believe the statement of such co- 
incidences it is because we feel that the odds against the 
occurrence were antecedently very great, and we balance 
that with the odds in favour of the credibility of the 
witness. If we do not doubt his credibility, we receive the 
statement in spite of its antecedent im|)robability, for to 
assume that the extremely improbable is impossible is to 
fall into a dangerous fallacy. The way in which we use 
our terms in discussing such a case shows that probability 
and improbability are not opposed terms in the theory of 
probability ; improbability only means a very low degree 
of probability. It is, however, very vague in its reference ; 
so, in all calculations, the probability only is spoken of, and 
this may, of course, be very high or extremely low, 

Siatimatioii of Probability. — ^The full exposition 
of the applications of the theory of probability would take 
us far beyond our province* into the region of matlie- 
nmtics. We are here concerned only' with the loixieal 
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upon various inodes of combining disjunctive judgments 
and deductive reasoning from those combinations. The 
primary difficulty always is to secure in eacli case a full 
statement of exhaustive, definite, exclusive, and equally 
likely, alternatives ; and it is in the determination of this 
that the mathematical doctrine of combinations and per- 
mutations is mainly appealed to. 

^ (a) Frdbability of Simple Uvents, If we have to con- 
sider simply one set of alternative and co-ordinate possi- 
bilities, our data may be expressed in the single disjunctive 
proposition A is or or ,,, , an, where we have n 
alternatives fulfilling the four conditions enumerated above. 
As there is no reason for preferring any one of these 
alternatives, the probability of each is equal. But as the 
alternatives are assumed to exhaust all possibilities, it is 
obvious that their sum must be equivalent to certainty, 
for we know A will be realised and are only ignorant as to 
which of the forms an that realisation will take. 

This certainty is most appropriately represented by unity. 
The probability of each of the n co-ordinate alternatives 

Gfg . . . Un is, therefore, represented by the fraction 1/n, 
On the same lines, impossibility, t.e. the absence of any 
chance of realising A in any form, would be represented 

o/% i,e. by zero. 

Now, if there are n possibilities, the chances against the 
realisation of any particular one are obviously n — 1; for 
the sum of the chances for and against must be the total 
number of chances as njn = 1, This is expressed by 
saying the odds against any one particular case are 
to 1. Now, if a number of similar but distinct possi- 
bilities are massed together as one alternative, that alter- 
iiative must be given its true value. For example, if there 
are n balls in an urn, of which one is white and the i^est 
black, then the chance of drawing black is {n — 1) times 
that of drawing white, and the probabilities are not equal, 
but are represented, by Ifn for white, and {n — l)ln for, 
black. 

(h) Prolability of Compound Events. By a compound 
event is meant one in which two or more simple events 
occur in connexion with each other. The logical basis of 
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tlie probabilitj of sncli an event will, therefore, be found 
in the combination of two or more disjunctive judgments, 
fulfilling tlie conditions enumerated above. The greatest 
care misst be taken in the statement of the alternatives to 
make them both exclusive and exhaustive. 

(1) Independent Events, If we have two independent 
disjunctive judgments, le, judgments whose predicates are 
neither necessarily connected, nor necessarily incompatihle, 
with each other— ■ 

A is either u or 
A is either X or y or Zf 

then by combining them we get the judgment , 

A is either vx or uy or vz or wx or wy or mz, 

Similarly, if the disjunctive propositions are also bjpo- 
theticai — 

If S is a f it is either V or to 
If S is 6, it is either x or y or z, 


then the combination will give 

If S is both a and 6, it is either ux or uy or uz or wx or wy 
or wz. 

In each case the number of alternatives in the joint 
proposition is the product of the number of those in the 
single propositions, and as a result, the probability of tLe 
joint event is equal to the product of the probabilities of 
the simple events which it embraces. "Thus, in the' above 
symbolic examples, the probability of v is 1/2, and that of 
X is 1/S, whilst the probability of- vx is' 1/6.- Generally, if 
the probability of axi event, 4, is. 1/w, and the -probabilitf 
of another event, S, is l/», then the probability that A . and 
B will both occur is 1/mw, But, as the direct basis of the 
joint probability is a single disjunctive proposition, tha 
distinction between single and compound events is seen to 
1)0 somewhat arbitrary, and to" be nothing .-more than adii-- 
tlnction betwt^n two ways of regarding .an oceurre.ii,ce. 

As an example we wifi take the following dmple caBc. 
l^et there l>e two urns each containing , three'. bails, of .wliicli 
two are white and. one is black,. '.-What "is the probabi.Ii.ty 
of drawing a black ball from each '? ' It .might at first , 
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sigM as if the two drawings give only four alternatives, 
vh, luWf wbi bWf bb, Where w and 6 denote white and black 
respectively. But this is to neglect the fact that there are 
twice as many white as there are black balls; in other 
words, the alternatives are not of equal value. If we 
symbolise the contents of the first box m w/a; hi, and that 
of the second as Ws, 6^ we then have the separate dis- 
junctives, in which this objection is removed— 

A i% eith&r Wi or w^ or bi 
B iseither w^or w^or b 2 

Then the combined disjunctive is 

A B is either WiWq or WiW^ or iVib^ or or or w.b. or 

biUJ^ or 6iti/4 or bib^ 

where the number of alternatives is seen to be nine, only 
one of which is 66, and, consequently, the probability of 
drawing two black balls is 1/9, which is in accordance with 
the general rule given above. If we examine the other 
alternatives in the final proposition we see that there are 
four cases of two white bails ; therefore, the probability of 
drawing a white bail both times is 4/9. This is also in 
accordance with the general formula ; for the probability 
of white in each case separately is 2/3, and, therefore, the 
probability of white in both cases is 2/3 x 2/3 =4/9. 
Lastly, as the probability of white is in each case 2/3, and 
that of black is 1 / 3 , so 2/9 is the probability both that the 
drawings will give first white and then black, and that 
they will yield first black and then white ; this is shown 
to be true by the fact that the final proposition yields two 
cases in which white is followed by black and two cases in 
which black is followed by white. The sum of these pro- 
babilities is, of course, unity, as one of the alternatives 
must occur. The general principle is thus illustrated at 
every point. 

A similar example is found in the throwing of dice. If 
one die is thrown the probability that it will fall with the 
side hearing six pips uppermost is 1/6, as the die has six 
sides, and the probability of being uppermost is equal for 
them all If a second die is thrown, the probability that 
in that throw six will be uppermost is also 1/6; con- 
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sequentlj, tlie probability that six will be thrown in each 
of two throws is 1/6 x 1/6 = 1/36. In this case, it is 
obviously immaterial whether two dice are thrown simul- 
taneously or w’^hetlier the same die is thrown twice suc- 
cessively. So in the former example, whether the two 
drawings are made from two urns each of which contains 
two white balls and one black one, or successively from 
one of those urns, makes no difference, so long as the con- 
stitution of the one urn is kept constant by returning after 
the hrst drawing the ball which had been drawn. This 
again illustrates the fact that the distinction between 
simple and compound events is an artificial one. 

(2) Dependent Events. This leads us to the case in 
which the events are not independent. This, however, in 
no way differs in principle from the one we have just con- 
sidered, though still greater care is required in stating the 
alternative's. The ease, stated generally, is when the 
second event depends in some way on the first, so that 
the pro]>ability of the realisation of the second is modified 
by tlie occurrence or non-occurrence of the first. 

Perhaps, this will be best understood if we begin with 
the examination of an example. Starting, then, with the 
same supposition as before, of an um containing three 
balls, two of which are white and one is black, we will ask 
what is the probability of drawing white twice in suces- 
sion, if the bail extracted at the first drawing is not 
returned? In this case the constitution of the box is 
obviously different at the second drawing from what it 
was at the first, and the probability of the second drawing 
yielding white depends upon the'- result of the first draw- 
ing. If black is drawn the first time, 'for example, nothing 
but white balls remain in the urn, and the second draw- 
ing must, therefore, certainly yMd white. Whilst, if 
white is drawn the first time, there remain only one white 
and one black ball in the urn, and the chance of diawing 
white at the sociond draw is, in that case, 1/2. this last 
case is the only one which concerns us ; as la the former, 
the first drawing yielding black obviously makes it impos- 
sible to get white at both the first two drawings. The two 
consecutive drawings from the same um are, therefore. 
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identical -witli a simultaneotis drawing from two urns, one 
of wliicli contains two white balls and one black ball,’ and 
tbe^ other contains one white and one black ball. ’ The 
disjunctions may, therefore, be written— 

A is either Wi or or bi 

B is either or b 2 

where represents in the case of the single urn which- 
ever of the white balls, or Wn, is not extracted at the 
fii’st drawing. Combining these we have 

A B is either w^Wz or Wib^ or or or biWz or bib^ 

and there are seen to be six alternatives, including two 
cases in which two white balls are drawn. The probability 
of this drawing is, therefore, 2/6 = 1/3. Similarly the 
probability of drawing two black balls is seen to be 1/6. 
The same result is reached if we reason in this way— -The 
chance of drawing white the first time is 2/3. But only if 
white is drawn the first time is the second drawing pro- 
ceeded with. Hence the probability of the second draw- 
ing taking place at all is 2/3, and the probability of that 
drawing yielding white is 1/2, as it is made when the urn 
contains^ only one white and one black ball. Hence, the 
probability of a second white ball being drawn is 2/8 
X l/2=^l/3. 

A similar example is the enquiry into the probability 
that if a penny is tossed up three times, head will fall 
uppermost each time. The probability that head will 
appear at the first throw is 1/2, as head and tail are the 
only two alternatives. The probability of the second toss 
taking place is, therefore, 1/2, and the probability of its 
yielding head is 1/2, The probability of two consecutive 
heads is, therefore, 1/4, But only when this is secured 
does the third throw take place; the probability of there 
being a third throw is, therefore, 1/4, and the probability 
that it will give heads is 1/2, Therefore, the probability 
of three consecutive heads is 1/8. The original disjuno- 


A is either hi or ti 
B is either or 

G is eilh&r or 
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and tlie combination is 

ABC is eif her h.h-A or or h^t^hs or or t,h^h, or 

^1*2^3 ^ 2*3 

■wliere it is seea that only one ease out of eight secures 
three heads. 

Thus, the probability of the conjoined event is seen to 
bo in this, as in the former case, the product of the pro- 
babilities of the separate events, and this is found to hold 
both when one event is contingent upon the occurrence of 
another, and when the separate events are indeuendent 
The results are different in the two cases, becauKle 
former the number of possibilities of the second event is 
changed by the occurrence of the first event. But tho 

general formula given in the last section (page 459) If 

the probability of A is 1/w and the probability of « is 
1/m, then tho probability /I 5 is l/«m— holds in every c&s&. 

(3) Events which can happen in a Fluraliti/ of Ways. 
When we have obtained a correct statement of alternatires 
fulhlhng the conditions of exhaustiveness, definiteness 
exclusiveness, and equal likelihood, we sometimes find that 
TOveral of them are followed by the same consequent 
For example ^ 

S ii 'either a mr b or q, ^ 

If 3 is a U U X, 

If 8 is b U is X, 

IfS »«© U is y. 

Here it is obvious that the result is that S is either x or u 
but that the probability of x is twice as great as that of v 
as X will occur both when a is realised and when h is 
realised, and the probability of both a and 6 is seen from 
the original proposition, to be 1/3. _ Hence, the probability 
of Af IS 2/3. If m the original disjunction the probability 
of a bad been 1/2— 1 .«. if the proposition when accurately 
stated ran S IS ciiAcr a or a or b or o-then the probability 
of r wouhl, on the conditions given in the hvnothetic.al 
proiKiwtious above, be 3/4. Thus to put the matter gene- 
rally : When several distinct and exclusive conditions have 
the same consequence the probability of that cotisequenco 
IS tlie Bum of tlie probabilities of tliose conditions. Tliis 
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it will be seen, is not a new principle, but a simple deduction 
from tbe conditions wliicb. a set of alternatives must satisfy 
in order to form a basis for the calculation of probability. 

As a simple example, we will ask wliat is tbe probability 
tliat bead will come uppermost in one or other of two 
throws of a penny. Here there are four alternatives in 
the original disjunctive proposition. The throws are either 
hh or fit or th or tt, and any one of three of these secures 
a head. Of course in the first case, when head is once 
secured the second throw would not be made ; but the 
case must not be Omitted, as there are two possible 
sequences in which head comes first. This is seen quite 
clearly when it is remembered that two consecutive throws 
of the same coin and the simultaneous tossing of two coins 
are identical as a basis for computing probability. We 
reach the same result by a line of reasoning similar to that 
we appealed to in the last case [see (2)]. The chance of 
getting head at each toss is 1/2; but the second toss is 
contingent on the failure of the first to give heads; the 
probability of the toss itself is, therefore, 1/2, and conse- 
quently the probability of its giving heads is 1/2 x 1/2 = 
1/4. Hence, the total probability of getting heads in one 
or other of two tosses is 1/2 + 1/4 = 3/4. 

For another illustration we will take the probability 
that a throw of two dice will yield a certain definite num- 
ber of pips, say seven, irrespective of how that number is 
divided between the faces of the two dice. Our original 
disjunction here consists of thirty-six alternatives ; each of 
which is a condition fulfilled in one throw, and yielding a 
particular consequence. Upon examining them, we find 
that the number seven results from six of these alterna- 
tives, as it may be composed of 4 -j- 3, 5 2, or 6 -f 1, 

and each of these may occur in two ways, according as the 
larger number appears on the first or the second die. The 
probability of seven being thrown is, therefore, 6/36 = 
1/6. Similarly, the probability that each die will throw 
the same number of pips is 1/6, as there are obviously six 
possible cases in which a pair of numbers can be shown. 

(c) ProhaUlity of Alternative Gonditions. We will now 
consider what is often called “ inverse ” probability, which 
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stands in tlie like I’elation to tie direct probabilitj we 
iave been hitlierto dealing witi as induction does to 
deduction. As the same principles of reasoning govern 
botli those methods of inference, so here we shall find no 
new principles. Tiie problem is— -given that a certain event 
has happened, to which of a certain number of alternative 
causes or essential conditions is it probablj due, each being 
conceived possible ? ^ This is the problem that has to be 
solved in endeavouring to reach the true magnitude of a 
phenomenon from more or less inaccurate measurements. 

The problem, obviously, presents more practical diffi- 
culties in its solution than do those we have already dealt 
with, as we have often no certainty that we have correctly 
stated the alteniatives. But the principle on which we 
proceed, is the simple one that the condition from which 
the actual event 'would most probably follow is most pro- 
bably the condition from which it actually did foliow. 
We liave, then, to take account of two probabilities — 

(1) tiiat tlie assumed condition was actually existent, and 

(2) that the event would follow from it if it were present ; 
the probability of the condition is then tlie product of 
these two probabilities. This is seen to be only the 
inverse mode of stating the direct probability of a com- 
pound event. 

To take a simple example. An urn is known to contain 
three balls but we are ignorant of their colour, and after 
each drawing the ball drawn is returned to the urn. 
If one white ball is drawn we have no reason to conclude 
anything about the possibility of drawing or not drawing 
a ball of another colour. If. the' next drawing gives a 
black ball we have two alternatives, but, we are not certain, 
that they are exhaustive of all the possibilities. If, how- . 
ever, we continue drawing and 'get nothing Amt wliilB'asd.^ 
black balls, tlie probability that there are no halls of any 
other colour present liecomes’\rapid.,ly' stronger,., : If, ^ 
instaiKW, the urn contains one, and .only one, 'red ball, the 
probability that that ball would not 'be drawn 'at; any ^ one 
dmwmg is 2/3. The probability, therefore, Ahat it ■would . 
iioie«iergc3 in four drawings is only 2/8' X 2/8' x 2/3 x 2/8 
== Id/81, whilst that it should not- appear in eight :dmw- . . 

i.L. "80'': 
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ings is only wliicli is less than 1/25, and with every 
drawing this probability decreases. On the other hand, 
if the iirn contains only white and black balls, the result 
obtained would be a necessity. This assumption is, con- 
sequently, by far the more likely- 

As a slightly more complex example, we will assume it 
known that the urn contains three balls which are known 
to be either white or black, and we will estimate tbe pro- 
bability of the various possible proportions of white and 
black balls in the urn. Before the drawings commence 
there are four possible alternatives— tc/w/a/, wwb, whb, bbb^ 
The probability of each alternative is, therefore, 1/4, and 
that of any one particular ball is 1/3 X 1/4 = 1/12. The 
case is, indeed, the same as having twelve balls— six white 
and six black— to draw from. The first drawing, however, 
giving a white ball, the alternatives are reduced to three, 
bbb being put out of court. We then consider the relative 
probability of the remaining alternatives. 

As thei'e are six ways in which w can be drawn, the pro- 
bability for each individual white ball is 1/6. The pro- 
bability, therefore, that the white ball actually drawn 
came from www is 3/6 = 1/2 ; that it came from wwb ib 
2/6 = 1/3, and that it came from wwb is 1/6. The most 
probable alternative, therefore, at the end of the first 
drawing is www. If, however, the second drawing gives a 
black ball, www is proved to be impossible, and the alter- 
natives are reduced to wwb, and m/66. And so far, there is 
no reason to prefer one. to the other. If, however, the next 
drawing is w, so that in three drawings w appears twice and 
b only once, the alternative wwb is the more probable. For 
assuming wwb to be real, the probability of w is at each 
drawing 2/3 and that of b is 1/3. Hence, the probability 
of getting a single combination giving w twice and 6 once 
is 2/3 X 2/3 X 1/3 = 4/27. But this combination may be 
drawn in three di:fferent orders, viz. wwb, wbw, bww. 
Therefore the total probability of getting one of these 
three orders is the sum of them all, and as each is 4/27 the 
sum is 3(4/27) == 4/9. On the other hand, on the suppo- 
sition of m/66, the probability of getting w twice and 6 once 
is 2/3 X 1/3 X 1/3 — 2/27, TMs may also happen in 
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three wiiys, and, therefore, its total probability is 3(2/27) 
= 2/9 TIius the odds in favour of the first hypothesis 
are 2 to J, and its probability is, therefore, 2/3. 

As another example we will take a case of the probability 
of testimony. Suppose that two witnesses, the probabiHty 
of whose imcuracy is 8/4 and 2/3 respectively, agree in 
aflirmiiig the occurrence of an event which in itself is as 
likely to have happened as not to have happened; ie 
wdiose antecedent probability is 1/2, What is the proba- 
bility that the event really did happen? There are two 
possible and equally likely antecedents— that the event did 
happen and that it did not happen. On the hypothesis 
Ijiat it did happen the probability of both witnesses stating 
that it IS the probability of their both telling the truth, 
i.e. 3/4 >< 2/3 = 0 '12. On the hypothesis that it did not 
P*‘ohab)]ity that both witnesses should assert 

S 'IV^I f/ 10 ' mf speaking falsely, i.e. 

1/4 X 1/3 ~}JU. Iho odds are, therefore, 6 to 1 that 
the event did happen; i.e. the probability that it really 

occurred is 6/7. 

(d) FrohahiUiy of the Memrreme of an Event^ If 

we know nothing whatever of the conditions of an 
event, but only that it has occurred, we may estimate the 
probability that it will occur again. At first sight it 
might seem that^ the chance of its occurring again under 
the same conditions is exactly equal to that of its not 
recumng; t.e. that for every occurrence the probability 
would lead to the paradoxical 
result that continued repetition of an event gives us no 
grounds for expecting it to occur again, and so that even 
infinite uncontradictod experience of the occurrence would 
not increase our rational expectation that it should occur 
again. It Js, liowCTer, a miscalculation, as it overlooks 
the tact that continued occurrence testifies to the tier- 
sisteiiTO of the conditions which produce the event, and 
even though wo do not know what those conditions are 
yet as evidence of their existence increases, we are justified in 

lo'jk, 
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expecting more and more strongly tlieir continued existence. 

We must, therefore, take account of all the times the 
event has occurred, and in stating our original alternatives 
each of these must count as one. For instance, if an event 
has happened once, that is one reason for expecting its 
recurrence. But if we put that on one side for the 
moment, the chances for its occurrence again would be 
equal. There are, therefore, two reasons to expect its 
recurrence and only one for expecting it not to happen 
again. The odds for its recurrence are, consequently, 2 
to 1 and the probability of the event happening again is 
2/3. So, generally, if an event has happened m times, 
that gives m alternatives in the original disjunction ; the 
possibilities that it may occur again and that it may not 
do so, add 2 more. Consequently, the total number of 
alternatives is m + 2 of which m + 1 are favourable. The 
probability that the event will occur once more is, there- 
fore, (m -f l)/(m + 2). For instance, if the sun has risen 
daily for five thousand years, the probability that it will 
do so once more is 1,826,214/1,826,215. 

It is thus evident that with continued uncontradicted 
experience, the probability of a single repetition of the event 
rises very high indeed, and that it increases with the 
growth of such experience ; the larger the value of m, tlie 
nearer the probability approaches to certainty. But this 
probability rests on the assumption that continued experi- 
ence testifies to the persistence of the conditions which 
produce the event, and this assumption is itself only 
probable. The formula, therefore, measures the prob- 
ability of the recurrence of the event only indirectly: it 
directly measures the probability of this probability. 

It will be seen that this calculation of probability is 
the true basis of induction by simple enumeration. The 
formula shows that with wide and uncontradicted experi- 
ence the probability that an empirical law which sum- 
marises that experience will hold good in one more case 
is very high. But it also shows that extension of it 
beyond the realm of actual experience becomes increasingly 
uncertain with increase in the width of that extension. 
For, if the formula is written to show the probability that 
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an event wliicli lias occurred m times will liappen n times 
more, it becomes {m + l)/(m + + 1) ; for w + 2 in tlie 

original formula = m + 1 + where 1 is the number of 
new cases, i.e. n — which obviously decreases in value as n 
is increased. . , , 

Again, a.nother modification of it shows how the actual 
experience of the failure of the event weakens the proba- 
bility of its recurrence. For if an event has occurred w 
times and failed to occur n times under circumstances 
where it might have been expected to happen, then there 
are already m 4- n cases ; the possibilities that it may or 
may not occur again add 2 more, and thus, the probability 
for its recurrence is {m + l)/(w + n + 2), which decreases 
as ?i increases. In tins case, the extension top more cases 
becomes still more hazardous, as its formula is (to 4* 1)/ 
(to 4 ri + -f 1), wiiero (to 4 in the denomhiator 
corresponds to m in the original formula, as it expresses 
the total number of observed cases, and p corresponds 
to n as expressing the number of unobserved cases, the 
probability of whose occurrence it is desired to estimate. 

3. Methods of determining Magnitude.— As different 
measurements of the same phenomenon vary, the ascer- 
tainment of the true magnitude is an inductive problem 
which can only be solved with a high d^ree of probable 
approximation. Wo have to decide what assumption as 
to the true magnitude will lead with the greatest pro- 
bability to the values actually obtained, on certain hypo- 
theses as to the chax’acter and mode of action of the 
unknown conditions to which the errors are due. We 
have the permanent 'cause which yields the true magnitude, 
and in addition an indefinite number of interfering con- 
ditions, more or less insignificant in. amount, of whose 
number and influence we are ignorant. The question' is— 
Wliat assumptions are we justified in making with regar<! 
to these conditions ; and, as a conse<juenc© of those asHiiinp- 
tiirtia, what pracikuil methods are open to ue of correctijig 
our observations of magniiiida? 

(i) The Method of Meaui.— Wlien we hiwe different 
results from several measurements' of, 'the same plieiio- ■ 
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meBon, we know that all but one m%st be, and all ma^ be, 
erroneous. As the number of measurements is increased, 
the probability of any particular one being exactly right 
gets less and less, and may, therefore, in our discussion, 
be left out of account. If then we have two different 
measurements, four alternatives are open to us— either 
both are too large, or both are too small, or either one is 
too large and the other one too small. If we are really 
entirely ignorant of any conditions likely to influence the 
result one way or the other, these alternatives are ec^ually 
probable. If, however, the measurements are made with 
different instruments which have not the same degree of 
precision, or if one is made by a method more likely to 
yield accurate results than that used in the other case, we 
should prefer the measurement made under the con- 
ditions most likely to yield an accurate result. *‘ Any 
method of measurement which we know to avoid a source 
of error is far to be preferred to others which trust to 
probabilities for the elimination of the error. As Flam- 
steed says: ‘One good instrument is of as much worth 
as a hundred indifferent ones.' But no methods or in- 
struments give invariable and absolutely truthful results, 
though in all scientific work the methods are so well 
considered and so carefully employed, and the instruments 
are so delicate and precise, that we may regard the occur- 
rence of any considerable error as a practical impossibility, 
and may assume that the larger a possible error is, the less 
is its chance of occurrence. 

If, then, we assume that the two measurements, A and S, 
were made by methods and with instruments equally likely 
to give an accurate result, and if we are absolutely ignorant 
of any ground for preferring one measurement to the other 
— that is, for expecting one kind of error rather than 
another — ^we are justified in assuming that in each measure- 
ment it is equally probable that the result obtained is too 
large or too small. From this it follows that the proba- 
bility either that hoth measurements are too large or that 
both are too small is 1/4, while the probability that one 

^ Jevons, Frinciples of Science^ p. 391. 
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is too large and one too small is 1/2. Thus the true 
magnitude most prohablj lies within the limits of A 
and B* 

The same result is obtained from the hypothesis that 
small errors are more probable than large, for it would 
follow from this that the most probable magnitude is. that 
which gives the least sum of errors. But if the true 
magnitude is between A and B the sum of the errors is 
A —Bf while if it exceeds or, is ■ less than by n, the 
sum of the errors of tiie two measurements is 4 — 5 -f 2/?. 
As the number of measurements- is. increased, the proba- 
bility that the true magnitude lies . within the extremes 
rapidly increases. For example, if we have six measure- 
ments, the probabihty either that all .of them are too large 
or that all of them are too small may - be calculated bj t,he 
mathematical theory of probability to be only .1/64, while 
the probal)iIity that the true magnitude lies between the 
extreme measurements is 62/64.- '-The odds are, therefore, 
31 to 1 ill favour of that hypothesis. ■ 

The question now arises as to what intermediate value is 
the most probable. The mathematical assumption is that 
the number of causes of error is indefinitely large, while 
the influence of each is indefinitely small, and that each is 
equally likely to be operative in increasing or in decreasing 
the result. Under these conditions, the arithmetical mean 
— le. {a + b+ * , * * n)/n — of a number of measurements 
of the same phenomenon is most probably the true magni- 
tude ; for the errors so caused will balance each other, the 
sum of the positive and that of the negative deviations 
being equal, - ^ - , ■ - 

When, however, a.s happens in a few cases, some con- 
dition is known to be opemtive which varies ^ the square 
of the distance, the geoiiietrieal mean — te. V ah— gives the 
more accurate result For example, if the true weight of 
an object i« sought by weighing it successively in the two 
scales of an imperfect lialance, as gravity is an operative 
comliiioii, the true result will te the geometrical mean of 
the result, tliougli as, in small numl^rs, this differs but 
little from the aidilimetical mean, the latter is generall^^ 
t|.kea as more easily calculated, ■ ■ ■. 
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The arithmetical mean of the actual results of measure- 
ments is, then, the true magnitude — or the most probable 
approximation to that magnitude — in the great majoritj 
of cases when we are dealing with a single phenomenon. 
The errors in such measurements are related to each other 
as simplj more or less in one fixed direction, and may be 
graphically represented by setting off on a straight line, on 
the two sides of a zero point which indicates the true 
magnitude — that is, no error— divisions which are pro- 
portional respectively to the positive and negative errors 
involved in the actual measurements. 

(ii) Method of lieast SqLuares. — But when we are 
dealing with compound magnitudes, in which two or more 
quantities are dependent on each other, the method of 
tailing the arithmetical mean is no longer available. 
This case may be spatially represented by the deviations 
from the bull’s eye of the shots on a target. The devia- 
tions are in all directions, but each can be resolved into 
a vertical deviation and a horizontal deviation. The graphic 
representation of each such resolution is a right-angled 
triangle, in which the actual deviation is the hypotenuse ; 
and the square on this equals the sum of the squares on 
the lines which represent its resolution into vertical and 
horizontal deviations. When the total deviations are 
measured, the sum of their squares — on the supposition 
that the sum of the horizontal variations on the one side 
cancel those on the other, and that the vertical deviations 
neutralise each other in like manner — ^is easily shown by a 
geometrical construction to be the least possible. 

The proof of the method of least squares involves an 
appeal to mathematics which would be out of place here. 
Its principle is: That magnitude is the most probable, 
whose assumption makes the sum of the squares of the 
errors of the actual measurements the least possible. It 
is an extension of the method of means, in that it indicates 
the most probable mean in cases which involve a plurality 
of ;• arithmetical means. When we are dealing with only 
one magnitude the finding of the arithmetical mean gives 
the same result as the application of the method of least 
squares, of which it is but a particular case. Aud it 
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will be seen that tliis metbod shows the real agreement 
of the result obtained with the assumption that, as large 
errors are less probable than small, that result is most 
probable wldcli gives the least possible sum of errors. 

If we take three measurements of a single phenomenon 
and obtain three values, the intermediate one will always 
give the least sum of simple errors, whether it is the arith- 
metical mean or not. For if ce, 6, c be the three results the 
sum of errors involved in assuming b to be the true 
magnitude is — supposing them to be given in descending 
magnitu<le-(a~t)+(6-c)==-a-c. But if the arithmetical 
average does not coincide with 6 but deviates from it by 
say /j, then the sum of errors is For example, if 

our measurements are 15, 11, 10 ; then assuming 11 to be 
the true magnitude, the sum of errors is 4-|- 1 =: 5 ; while 
12, which is the arithmetical mean, gives 3 + 1 + 2 =: 6 as 
the sum of errors. 

The same thing holds generally —the least sum of errors 
is obtained when ihe middle one of a series of ineasiire- 
nieiits is taken as the true ma.gnitude, if the series consists 
of an odd number of measurements j while if it consists 
of an even numte, either of the two middle results, or a 
result intermediate between them, will yield the same, and 
that the least, sura of errors. But if we assume that the 
sum of the squares of the errors is to be the legist possible, 
we find that this condition is fulfilled by the arithmetical 
mean alone. For example, oU the supposition taken 
above, where the measurements were 15, 11, 10, if wo 
assume 11 as the true magnitude, the sum of the squares 
of the errors is 17; but if we -assume 12, the arithme- 
tical mean, as the true magnitude the sum of the squares 
of the errors is only 14; and every other suj^posilion will 
necessarily give a larger sum of squares of errors. 

The method of least squares is, then, the most genend 
mode of finding the true magnitude from a number of 
divergent measuroimmtg ; but when these measurcDieiitB 
invoke one magnitude only, the simplest mode of {ip])l)-ii 3 g 
the meihod is tti ta^ke the arithmetical mmn. ■■■' ■ , ' ' ■ 
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1. ISTature of Explanation. — Explanation is called for 
as frequently in common life as in science. In botli it 
consists essentially in showing how the fact to be explained 
follows from some other fact or principle admitted to be 
true. It has, therefore, many degrees. The extent of the 
explanation offered in any given case will depend partly 
upon the knowledge of the individual to whom it is ad- 
dressed, and partly upon the progress of knowledge as a 
whole at any particular time. For the kind of dependence 
which will suffice to account for a fact to one mind will be 
rejected as futile or inadequate by another. The plain 
man attributes a chill on the liver to the cold winds that 
have blown, and offers as the only explanation within his 
reach the observation that ‘they always do affect me in 
that way.* This is not enough for the doctor, who seeks 
for reasons why the cold should affect the liver at all, and 
finds them in his general knowledge of the functions of 
that organ in relation to the rest of the body and in the 
effect of cold upon them. His explanation takes a wider 
range, but he too may come to a point where he is stopped 
by the demand for a reason which has not yet been found. 
How almost any kind of explanation may be of use to this 
or that individual, but logic is concerned only with the 
general nature of explanation, and this consists in assign- 
ing any given fact a place in the system of knowledge by 
establishing its relations with other facts within the 
system. I ' ' 

' We must, then, distinguish between logical explanation 
and explanation which is merely popular. The latter 
looks at the individual mind, and seeks to bring the new 
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plienoinenon into relation witH sometHng already there. 
In many cases such explanation will be utterly inadequate 
from tlie scientific point of Tiew. It may he merely a 
rough analogy or illustration, as is constantly the case 
with the only explanations wliich can be given to children. 
Logical explanation, on the other hand, does not regard the 
iiulividiial mind as such, though, of course, it is reached 
and expressed by some individual mind. It expresses the 
explanation in terms of the most advanced knowledge on 
the subject, and is itself, when first grasped, an addition 
to knowledge. Tims the moon’s motion is logically ex- 
plaiued by the tlieory of gravitation: it is popularly 
explained by saying that ‘*she is a failing body, only she 
is going so fast and is so far of that she falls quite round 
to the other side of the earth, instead of hitting it; and so 
goes on for over.”^ 

Scientific explanation is only possible on the assumption 
that every fact is determined by certain conditions, so that 
if the contlitions -were otherwise the fact would be different. 
Explanation is the full and exphcit statement of those 
conditions. Logically, the whole fact needs explanation, 
and obtains it to the extent to which its place can be 
assigned in a system of knowledge. Practicafly, when any 
particular point needs explanation it is one aspect of the 
whole complex phenomenon. The chemist, for example, 
seeks chemical explanations; the physicist aims at deter- 
mining the physical conditions. The rest of the pheno- 
mena are passed over as having no bearing on the purpose 
in hand. 

The problem is approached through classification®: but 
classification is not explanation though it may be nearly 
related to it. Suppose that the attempt, to. classify on the 
principle of modification through descent has been success- 
ful, we have still to ask why the course of descent has becm 
of one kind rattier tlian of another. There must be some 
ground for the development of diverse species from one 
genus. Classification vmmh the fact by carefully noting 
important rc3se!nblaiiees and differences, and then leaves it. 

^ Clifford, Leciwrm mid p. « 01. pp. 81-83; 
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But the very resemblances and differences revealed may 
suggest the directions in which the reasons for them should 
be sought. Eesemblance ‘‘presumes identity of causa- 
tion ^ and difference demands explanation. Thus there is 
an important distinction between classification and expla- 
nation however closely they may be related. “ In classi- 
fying we describe what is; in explaining, what must be, 
and why it must be.”* 

Indeed, necessary relation is the keynote of explanation. 
It is never thoroughly made unless the facts to be explained 
are proved to be absolutely dependent on certain definite 
conchtions. The form in which such dependence is ideally 
best expressed is that of the reciprocal hypothetical pro- 
positions— I/" S is M it is P; If S is P it is M. These it is 
the business of induction to establish, so that the ideal of 
explanation is the same as that of induction. 

Indeed all induction is progressive explanation. It may 
be incomplete, as when we resort to analogy or a hypo- 
thesis as yet unconfirmed, or rest content with a simple 
causal connexion. Nevertheless in each case we have a 
partial explanation, through which alone science can ad- 
vance to more perfect knowledge. But not every expla- 
nation is inductive in form. When the relations to which 
we appeal as the necessary conditions of the phenomenon 
to be explained are axiomatic, or have already been estab- 
lished as true, we may often show deductively the depend- 
ence of the one on the other. This is so in mathematics 
and in sciences, such as astronomy, which are largely 
mathematical. Moreover, the statement of an explanation 
arrived at inductively may be expressed in deductive form. 
With these distinctions we are already familiar, 
i ^ But whether the principles on which scientific explana- 
tion rests are already established or not is logically imma- 
terial. They may become known in the very process of 
explanation, i This is exemplified again and again in induc- 
tion. The wave theory of light began as an unproved 
i .. f ^ assumption^ By means of it the particular phenomena of 
light were explained, and in the explanation was found 

^ Hobhouse, Theory of Knowledge, p. 473. 
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tlie proof of the truth of the theory* Here is a further 
difference from popular explanation. ** Nothing is popu- 
larly accepted as an explanation in the way of analysis or 
interposition, unless the laws thus introduced are already 
known and accepted. The scientific man, however, does 
not much care whether these laws are already known or 
not: if they are, so much the better: if not, they must 
become known. For speculative purposes they equally in 
either ease help him on towards that simplification of 
nature and reduction of all things to the fewest generalisa- 
tions, which is Ms one great aim.”. ^ 

2. Generalisation* — All explanation involves generalisa- 
tion: it seeks to detect the universal in the particular. 
The particular may be a particular fact or an empirical 
law.. A particular fact can be shown to be dependent on 
some other facts, and by the direct methods of induction 
it is often possible to establish the mode of dependence 
and to express it in an empirical law. So far there is 
partial explanation. But an empirical lavr only describes 
the phenomenon, and is itself in need of explanation. 
Now an empirical law is already a generalisation, and any 
further explanation must be sought in the establishment, 
by the indirect methods of induction, of its connexion with 
other laws of wider generality, . ■ . . 

Thus the explanation of an empirical law frequently 
consists in the proof of one of those far-reaching state- 
mente of necessary relation, such as the law of gravitation, 
the principle of the conservation of energy, or the atomic 
theo]^ of matter, by which the systematic unity of the 
world is constituted. To explain, in short, in the fullest 
scmse of the word is to think the matter explained as part 
of a system.® 

Whether are explaining a particular fact or an em- 
pirical Jaw there is no real difference in aim. In eacdi case 
we endeavour to assign the essential and invariable con- 
ditions which jMJccmnt for the fact or law in question. 
When this has l^een accomplished we have passed Ij^iyoiid 



1 ¥«mi, Mmpifiad L&gkt p. 509, 
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the particular; for in stating the essential conditions we 
imply that wherever they are fulfilled the fact or law will 
be exemplified, though no particular instance is indicatecl. 
The fact or law has been generalised. 

Greneralisation, then, consists in the establishment of 
identity of conditions. The phenomena generalised will 
exliibit differences which may be great or small, but they 
must be exactly similar in other respects if they are to 
rank as instances of the same thing. But there may te 
similarity which is of no importance for scientific ex- 
planation, as when two things diverse in other respects 
resemble each other in colour.^ Eesemblances and con- 
ditions are tex*ms of different import. The former may or 
may not serve as a basis for scientific generalisation; it 
depends on whether they do, or do not, stand in a necessary 
relation to the phenomena compared. If they do, then the 
resemblances are also conditions, and it is on a precise 
similarity between them that generalisation is based. 

Such generalisation is not an inference from number of 
instances as such. “There is all the difference in the 
world between the judgment, ‘An indefinite number of 
cases of 4 — £? exist ’ and ‘The relation >1 — 5 is universal.* 
In the first case, we may also have k-- 0, A — A -- M. 
In the second, we may have none of those, but always 
A '—B, and nothing but A S.’* ^ The mere repetition of 
instances does not justify the passage from ‘ many ’ to 
‘ all.* The transition can never be made with certainty : 
the conclusion always remains one of greater or less 
probability. But as soon as the instances are analysed 
and the essential conditions ascertained, the generahsation 
that these conditions universally determine the result is 
made, and is expressed in the hypothetical judgment, If S 
ia M it is P Subsequent confirmatory experience may 
strengthen our belief that the analysis has been correctly 
made, but it does not add to the necessary conditions 
known. Indeed knowledge of them may, in very favour- 
able cases, be attained by the careful examination of a 
single instance, though as a rule a plurality of instances 

^ Cf. below, pp. 479-431, ® Hobhouse, Theory of Knowledge^ j). 241. 
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facilitates the difiiouit task of analysis, not in virtue of 
the plurality, but by aiding the effectual isolation of the 
conditions sought. The validity^ of the generalisation 
rests, then, notion the number of instances examined, but 
upon the fundamental postulate of knowledge that every 
element of reality is definitely determined, and that always 
in the same way, so that the relation between a phenomenon 
and its conditions cannot vary. Without this assumption 
generalisation would be unjustified. 

In all valid generalisation, then, we attempt to set forth 
a necessary relation between a phenomenon and its con- 
ditions; and hy necessary we simply mean that given the 
conditions the phenomenon will exist whatever the cir- 
cumstances may be. But this is a purely abstract state- 
ment. We desire to know, not only that under ceHain 
conditions a given result will follow, but whether in fact 
those conditions are exemplified in reality. It is not 
enough to know that If S is M it is P ; for the advance of 
real knowledge we must ascertain when S is 

In both these steps of generalisation there is room for 
error. In the former error may exist in that 5 is M may 
be an imperfect statement of the essential conditions of P. 
Either some elements may be omitted or other elements 
than the essential conditions may be introduced. Tlie 
conditions are obscured by surrounding circumstances, 
and it is on their exact determination that thf3 justification 
of the generalisation rests. Hence it is not sufiicient that 
S is M should contain the ground of P: for extraneous 
elements may also be present. The circumstances must 
be analysed, and all that is unessential eliminated until wo 
can assert that S being M is the ground of P, We have 
already examined the inductive methods by which such an 
elimination is effected. 

In the latter slop of the generalisation there is also 
room for error. The point here is whether the essential 
conditions in this new case are exactly thos€3 expressed by 
S ie if. We are apt to Im misled by outward resemblance. 
No doubt phenomena which are determined by the same 
essential conditions do frequently resemble one another m 
m external way. But however strong the outward reiem- 
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biance may be, in scientific thonglit we can never trust to 
it. A reliance on resemblance, for example, would class 
tbe sea-anemones in tlie vegetable rather than in the 
animal kingdom, and indeed for many years biology con- 
tained several instances of such false generalisation^ On 
the other hand, the outward resemblance may be of the 
slightest, and yet the essential conditions be identical 
“ &tween the brilliant explosive discharge of a thunder- 
cloud and the gentle continuous current produced by two 
pieces of metal and some dilute acid there is no apparent 
analogy whatever. It was therefore a work of great im- 
portance when Earaday demonstrated the identity of the 
forces in action.*'* Obviously the determination of identity 
of conditions depends on insight in the particular branch 
of science concerned ; it is not a part of logical theory but 
of experimental practice. 

The aim of science is to reach a f uU knowledge of essen- 
tial conditions. But this aim is only being progressively 
realised. The general process by which truth is attained 
through induction reveals a more exact determination of 
conditions from simple enumeration of instances on the 
ground of a general resemblance, through analogy, to com- 
plete scienti& induction, and at all stages the hypothesis 
is a tentative generalisation. Enumerative induction sug- 
gests an empirical generalisation that Uvery S may he P, 
But that the resemblance on which it is grounded is felt 
to be due to an underlying identity is shown by the 
attempt made in analogy to reach this identity, and to find 
a possible ground for the empirical generalisation. The 
further inductive process is but the testing, moulding, 
and limiting of this suggested ground until the ideal is 
reached of a statement of conditions so exact that for every 
variation in the phenomenon an explanation can be found 
in a modification of the conditions. 

Now it is not always possible to complete the process by 
reaching a full statement of the essential conditions. If 
we are confined, for example, to the direct methods alone 
we have to stop short at empirical generalisations : and in 



' Cf. p. 376. 
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many sciences tins is as far as explanation lias yet gone in 
regard to the bulk of the phenomena which they inves- 
tigate. Even then an empirical generalisation is only 
regarded as a step towards some nithnate principle from, 
which it may be derived. Astronomy has found a prin-- 
ciple winch appears at present to he ultimate in the law of 
gravitation, though there are indications that it may he 
derived in the future from a yet wider generalisation : 
medicine is still largely empirical. The characteristic of 
an empirical generalisation is that it describes exactly 
what has to be explained by formulating the law of its 
occurrence. This is itself a partial explanation of it, but 
for scientific explanation we must know why that law and 
no other gives an exact description of the phenoineua. 
The answer, if found, will, be a. wider generalisation giving 
the conditions which strictly determine the' empirical 
generalisation, and hence the particular., facts on wliicli it. 
is based. '\Ye have, then, two degrees of generalisation, 
(i) empirical generalisations, (ii) established truths. The 
latter alone fulfils the logical ideal. 

(i) Empirical Generalisations. — An empirical gene- 
ralisation is one which is descriptive, and not in any real 
sense explanatory. It is itself in need of explanation. For 
example, take the generalisation that the pebrine disease 
in silkworms is due to the presence of ceitain corpuscles 
at various stages of the silkworms* growth. This answers 
the question to wliat is the disease due, and suffices for 
the devising of practical measures to prevent it. But it 
throws no light on the problem why corpuscles of that 
particular kind should be associated with the appearance 
of a special disease. It has been reached by observation 
and experimental investigation, and is a succinct descrip- 
tion of the essciutial fact in relation to the mode in wlucli 
the disease is causal, Meverthaless it stands in relative 
isolation from other knowledge. It is not seen to be 
derived from some more general principle of disease; in 
other words, it is tinexplained. 

Empirical generalisations result from observation and 
experiment. ' They arise, therefore, in ■ the earlier stages 
of scientific enquiry and furnish the material for wider 

I. L. 81 
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tiieories. WheB. they are seen to be derived from prim 
ciples of greater generality they are no longer merely 
empirical. Hence it will often happen that a generali- 
sation which was at fii'st empirical will cease to be so 
classed. Thus G-ahleo determined the law of falling bodies 
empirically, and it remained an empirical generalisation 
until He wton showed the reason for it as a necessary 
consequence of the principle of gravitation. While a 
generalise, tion remains empirical its grounds are wholly 
or partially unknown. 

Contemporary knowledge furnishes numerous examples 
of such unexplained uniformities, but explanation is always 
regarded as ultimately attainable. This belief is based 
upon a realisation of the necessary unity of nature. Eor 
where there is observed uniformity of occurrence there is 
always a presumption that the conditions determining the 
phenomenon are constant, and we may expect in time to 
discover what they are, so that the uniformity ceases to he 
isolated from the rest of knowledge. That there must be 
definite determining conditions is the basis of all expecta- 
tion of the recurrence of an event when the determining 
conditions are unknown, and this expectation rationally 
increases with the extension of uncontradicted experience 
of the event. In other words, the oftener an empirical 
generalisation is exemplified, the greater is the probability 
that there is a necessary and universal relation under- 
lying it. 

But while the generalisation remains empirical, it must 
never be assumed to be universally and necessarily true. 
Its statement can never be more than categorical ; we can 
at most say Every S is P, not If S is M it is P. Hence the 
logical rule that empirical generalisation can only be safely 
extended to adjacent cases. If we pass to cases which vary 
widely from those observed, or exceed the limits of time 
and space within which the observation has been made, we 
lessen considerably our assurance that the unknown condi- 
tions remain the same. It is an empirical generalisation 
that the expectation of life in certain dangerous trades is 
small : it would not do to apply the same generalisation to 
healthier occupations. Hor should we be Justified in 
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extending geaeralisatioEs, for example, as to the food and 
clothing of northern peoples to natives of the tropics. To 
provide flannel waistcoats for them shows more charitj 
than knowledge. Indeed, the wider the scope over which 
’we trj to extend an empirical generalisation the less is our 
confidence that it will hold true, for the less ground have 
we for assuming that the essential determining conditions 
will remain unchanged. 

An interesting class of empirical generalisations is corn- 
posed of what are often called * Statistical Laws,' but which 
are better termed Statements of Statistical Uniformity. 
Many problems are so complex that as a preliminary to 
closer analysis it is found advantageous to procure statistics 
of the phenomena under investigation. This is especially 
the case in sociological and political enquiries. We maj 
in this way gather statistics of trade, education, population, 
and so forth. The mere counting of units would not be 
profitable. In the selection of the kind of unit and the 
nature of the statistics a definite question or series of 
questions is as a rule implied. “It might seem that ii 
taking the average rate of mortaUty on the basis of the 
returns of local officials, etc., the figures of tliemselves dis- 
closed the fact that the tete vnas'hlghei' 'for infants under 
two years of age than in later period of life. But the total 
average of deaths would never hawe shown this. It is onlv 
because the average for infants hm been separately calcu- 
lated, in the expectation that there might to a diflerence, 
that the diflerence has been found.” ^ 

How when statistics are gathered in this purposive way 
they often reveal uniformities which point to the fact that 
there are at the back of the phenomena constant condi- 
tions which it would be well to seek. It is well known, for 
example, tliat the number of persons who commit oertaiu 
crimes, who are born, or who die, in' the- course of a year,: . 
bears a remarkably uniform proportion to: the total number 
of the inhabitants of any given country | there 'is, as'wc 
say, a pretty constant preserve in many of the 

phenomena of social life* Again, the. number of people in, 

* Creiglitois, An iMmdmiory £ogk, '^p. 224-^*' 
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England and Wales who commit suicide is found to remain 
Yery uniform from year to year. Moreover, the averages 
are found to vary with^ great regularity according to the 
months of the year, being highest in June, falling regu- 
larly to December, and then gradually rising again. 
Further, the proportion who commit suicide at difiterent 
ages remains fairly constant. All this indicates that social 
and material conditions have remained largely unchanged. 

It would be an error, however, to assume that such a 
statistical uniformity must necessarily continue. If it does 
we may conclude that the same general conditions have 
been in operation. But it would be rash to think that the 
conditions will necessarily remain unchanged in the future: 
and, since that is so, there is no more necessity in a statis- 
tical uniformity than in any other empirical generalisation. 
Yet from the constancy of such averages an inference as 
to their necessity has sometimes been drawn. Thus Buckie 
says : “In a given state of society a certain number of 
persons (about 250 each year) must put an end to their 
own life. This is the general law, and the special question 
as to who shall commit the crime depends of course upon 
special laws: which, however, in their total action, must 
obey the large social law to which they are all subordinate. 
And the power of the larger law is so irresistible, that neither 
the love of life, nor the fear of another world can avail 
anything towards even checking its operation.” ^ Such a 
conception can only be true if the changes in society leave 
untouched the forces and motives which determine men to 
self-destruction. 

The monotonous record of a statistical uniformity after 
it had once been established would serve no useful purpose 
unless there was liability to change. It is the deviations 
from the law which bring nearer that analysis of the 
conditions which we desire. If a 'particular crime is 
found to be on the increase, if suicide becomes more 
common, if the birth rate shows a proportional decline, we 
at once search for some variation in existing social and 
eponomic conditions which may account for the change, 

^ History of Civilisation, voL i., p. 25. 
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In this way we may be put on the track of a generalisation 
which will explain, and not merely register, ' the ' pheno- 
menon, For we use statistics' as an '.aid to explanation. 
The principle which w^ouM make the,- facts. inte.lligibl 0 is 
hidden from us. As soon as it is discovered our -interest 
in the collection of statistics, at any rate as a method 
of gaining knowledge, vanishes. The facts counted and 
averaged are each one determ.ined exactly, and if a uni- 
formity . appears.' that too has "its -exact conditions. But 
what they are it does not tell us.' 'The average, for 
instance, neglects all the particular characteristics of the 
individual instances, and there i's- no m.eans of showing that 
it is necessary without examination of those characteristics 
which it discards. ** Such uniformities of niiinhers and 
averages are primarily mere '.descriptions of facts, which 
need explanation as much as the uniformity of the alter- 
nation between day and night ; and the explanation can 
be found only where the actual conditions, the efficient 
causes, are forthcoiiimg. But these are the concrete con- 
ditions of the particular instances counted, they are not 
directly causes of the numbers ; it is only the nature of 
the concrete causes which can show it to be necessaiy for 
the ejffects to appear in certain numbers and numerical 
relations.”^ 

(ii) Established Truths.— -When the conditions of an 
empirical generalisation have been exactly determined the 
generalisation is established as a necessary truth, which 
inay be defined as an established general judgment. It is 
not a summary of particular Judgments, for .it is not arrived 
at by summarising the records of events which have been 
often observed to occur. Such .a process as we have' more 
than once urged can yield nothing 'more than a greater or 
less degree of expedition. General ' truths are the result 
of such an analysis of reality as- enables us tO 'S'tate the ».!«,- ■ 
tion which holds l>etween a phenomenon and its- conditiong. 
And when this relation is ascertained' the principle of the 
unity of the world— without which all know'fedge is iinpoe- 
si’ble— compels tie to think it m univer8a!.'ly and' aecessarily 
true. 

^ Sigwart, Logk^ Etig. Trans., voL 'ih, '|>. 4M* ■ 
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Of course, if our analysis is inaccurate, if wliat we 
assume to be tlie conditions of the phenomenon are not 
really its conditions, then our general propositions are not 
true. Or again, if our analysis is inadequate ; if what we 
take for the essential conditions includes other elements, 
or if we omit some essential elements of the conditions, 
then our judgment has not universal validity ; it is, we may 
say, nearly true. 

There is then room for mistake in the application to 
reality of the hypothetical judgments in which we express 
the conditions of phenomena. Every such judgment 
expresses a necessary relation between its antecedent and 
its consequent. If you accept the judgment as true, you 
accept the relation as universal and necessary. But the 
judgment may fail to express accurately the nature of 
reality. It may err concerning the particular relation with 
which it deals, or respecting the connexion of that relation 
with the other parts of the system of knowledge. How- 
ever, in so far as the general judgment is true it is neces- 
sarily true, for necessity consists only in the connexion of 
a consequent with its ground. Uncertainty, when it exists, 
pei-tains to the truth of the judgment in the form in 
which it is expressed ; that is, it attaches to the accuracy and 
adequacy of the analysis of conditions upon which it is 
founded. When this accuracy and adequacy are un- 
doubted there is no uncertainty. 

It is for this reason that the truths of mathematics are 
sometimes held to be of greater certainty than those of 
other sciences. The contrast between them has been pointed 
by calling the former truths ‘ necessary,^ and the latter 
‘ contingent." But the supposed difference does not lie in 
the nature of the truths themselves : it is to be found 
rather in the greater difficulty which is experienced in 
physical and, social science in determining what the con- 
ditions really are. A brief consideration of the logical 
nature of mathematics will make this clear. 

J In mathematics we can always fulfil the requirements 
of necessary truth by an exact statement of the conditions 
upon which our constructions and inferences depend. 
There are two broad divisions of the subject — the science 
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of numbers, and the science of space. In the case of 
numbers the two fundamental operations are those of , 
addition and subtraction. So far as the operation is 
mathematical it is independent of any objects to which the 
numbers may refer. The notion of unity is constituted 
by our own mental act, and is conceiTed exactly. The 
addition of units is then a matter of construction. If we 
have 4 “f 5 = 9, the whole is seen to he constituted by the 
parts 4 and 5, and the nature of the parts and of the 
wholo-— 4 units, 5 units, 9 units— is so exactly defined that 
wherever the same combination of parts occurs the whole 
must necessarily follow. , The result can be generalised at 
once because we are sure that there are no extraneous con- 
ditions which might conceivably modify it on another 
occasion. The relation falls entirely within the number 
series, and that lias a constant structure. All the modifi- 
cations and exteiisions which appear in the deveiopiiieiit of 
the concept of niiniber are made under precisely defined 
conditions, and from these are derived truths wliich are 
necessary in that tliey depend upon them for their ground. 

It is so, too, in geometry. The definitions, for example, 
of geometrical figures are less determined for us than by 
us. They tell us how to construct the fibres in thought, 
although we may never construct them in reality. Thus 
a circle is a figure described by a point moving at a fixed 
distance from another point in the- same plane. This fixes 
the exact conditions upon which a circle aepends, and from 
them fiow all the numerous properties discovered in the 
theorems relating to that figure. Any one of these, as 
soon as it has been demonstrated,' .can at once be general- 
ised to the cpnstitution of any circle- whatever, for no- other 
conditions are necessary. It is- true- that' there i& also 
involved the assumption that space is uniform in its con- 
struction: but this again is a conception which for ■ the ' , 
purposes of the geometer ' can be .ex-actly defined./ .The , ' 
c?HgeiitiaI pccnt is that in all his reasonings, whether about 
figures in space of two, or three, or --even inore, dim:eiteions,' 
he can state all the necessary- conditions, 
he errs neither by excess nor by defect. Indeed in mathe- 
amtica! construction the ' ideal’ .aimed . at, in ex|ieriHieiit is :■ ; 



^ Joseph, An Inirodtiction to Logic^ p. 510. 
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realised. ITo unlmown conditions are present to introduce 
an element of uncertainty into tlie conclusion. 

The superior certainty of the conclusions of niatlaematics 
has been denied on the ground that its concepts and 
axioms are merely generalisations from sensuous experi- 
ence. Itis said thatweknowthat2 + 2 = 4,that atriangle 
is a plane figure bounded by thi*ee straight lines/ that 
thingsequal to the same thing are equal to one another, 
because we have found these relations exemplified again 
and again in experience. For example, whatever the ob- 
jects counted, whether plums, chairs, or people, the uni- 
form result is obtained, 2 + 2=4: and that is the sole 
warrant for the generalisation. If this were true the 
necessity of mathematical truths could not be maintained. 
*^For you have no ground for supposing that if 2 + 2 
could sometimes make 5, cases of its occurrence would 
have occuped in your experience. Everything becomes 
problematical; the frequency of any particular sum of 
2 + 2 is quite indeterminate, if the sum is indeterminate; 
and your experience may assure you that you have never 
found them making anything else than 4, but cannot 
assure you that you are never likely to do so. And so it 
is with geometrical principles. ’’ A The generalisation is a 
precmious induction by simple enumeration, and cannot 
survive a contradictory instance. The criticism of Pro- 
fessor J ames, for instance, that two plus two does not 
always make four in sense experience, since two drops 
added to two drops make one drop, is a sufficient logical 
refutation of the generalisation. 

Nor is the case improved if for simple enumeration we 
substitute the direct methods of induction. Suppose that 
we vary methodically all the circumstances as far as pos- 
sible and still find our geometrical or numerical relation 
constant, we shah still be left with an empirical generalisa- 
tion. The truth is that the relations dealt with in mathe- 
matics are not such generahsations from observation, but 
are constructions of thought to explain the mathematical 
aspects of .experience. So mathematical concepts are ideal 
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constructions. The lines and figures of pure geometry 
have no exact counterparts in the concrete things of ex- 
perience. !No line can be drawn which is perfectly straight. 
But actual lines differ from straightness in an indefinitely 
large number of ways. * Straightness ’ is a mental con- 
struction which attempts to explain the differences of these 
actual lines as deviations from a norm. It is not that we 
are born with such ideas as ‘straightness^ ready-made, 
any more Idian we are bom with such an idea as is ex- 
pressed ill the law of inertia. Nor is it that we can 
abstract straightness from various forms and degrees of 
croolceclness : evidently it is not there to be abstracted. 
No, ‘ straightness * is a liypothesis of an ideal line. Simi- 
larly with the other concepts. 

It may be granted, then, that tiie trutlis of math cm a tics 
have been reached by way of sense-experience, and are 
fundaxneutaJly attempts to explain that experieu<!e. Greo- 
inetrical and numerical relations are Imowii roughly and 
empirically before tliey are demonstrated exactly and 
hypothetically. Mathematics has no mysterious origin. 
Like pliysics and chemistry and the other sciences it is 
an attempt to think relations in such an ideal form that 
the variations we actually experience can be explained as 
due to interaction. If a line is not drawn perfectly straight 
it is because of deviations due to such things as roughness 
of 'Surface. 

But the physical sciences have to deal throughout with 
complex reality. They aim at explaining plienoinena. 
When mathematics is applied to a similar purpose its 
results are seen to be, like those of the other sciences, 
approximations more or less close to what is actually 
found. 'But, as we saw in the last chapter, the deviation 
is interpreted as on the side of the observed phenomenon, 
not on that of the theoretical result. Only so, indeed, 
could the con shiiit variations be explained. 

Yet even liere the fundamental relations deal!, wdili in 
mathematics are few and simple. It ig this which niakes 
us more certain of their truth. From these few initial 
propositions vast consequences can be drawn deductively 
—consequences which on the basis of those original pre- 
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mises are aecessarilj tme. But like all dednctiYe con- 
clusions they are true only in the sense in which their 
foundations are- — that is, as ideal representations of certain 
relations considered apart from any embodiment in actual 
things. 

In the physical sciences our results are more open to 
question just because they do attempt to establish what 
relations actually exist. Every deviation must be ex- 
plained; every phenomenon traced to the operation of 
a complex set of conditions. In this it is evident that 
it is much more difficult to reach certainty than when we 
are concerned with one kind of relations only. Moreover 
our explanations themselves must show mathematical pre- 
cision as a condition of adequacy : for such relations are 
found in all observable phenomena. But there is no logi- 
cal reason why any ‘law of nature ’ should not be estab- 
lished as certainly as a mathematical truth. The difficulty 
is entirely practical. 

Green has summed up the whole question admirably : 
“ The distinction, then, of the ‘ necessity ^ of mathematical 
truths from the ‘contingency ’ of truths about nature, if it 
is to hold at all, is not to be understood as if it were only 
in mathematics, and not in natural Science, that what is 
once true must be always true, or as if natural laws were 
liable to change, mathematical laws not. The true dis- 
tinction is between what is fully true and what is partially 
true. What is fully true once is fully true always, of a 
natural phenomenon no less than of a geometrical figure ; 
but any proposition about a natural phenomenon is true 
of it only under^ conditions of which we do not know all, 
while a proposition about a geometrical figure, if true at 
all, is true of it under conditions which we completely 
know.”^ 

The true ground of the necessity of a generalisation 
must be sought in its relations to the whole system of 
knowledge available. If the facts can be explained in no 
i other way consistent with the unity of that system, the 
general proposition must be regarded as objectively true 

■ ; , 1 mioaophical Works, vol. ii., pp. 249-50. 
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and logically necessary. Ho donbt the of 

knowledge leaves here a possibility of error. Modifications 
of the unity of the system follow every development of 
knowledge. But there is a growing body of truth which 
remains undisturbed. It is very improbable that any new 
discovery will completely overthrow the achievements of 
any weli-established science such as that of heat or chemis- 
try, however profoundly it may alter its outlook or widen 
its scope. The probability that any judgment received as 
true by experts in any branch of knowledge will ultimately 
be proved to be false decreases. Uncertainty attaches to 
the accuracy and adequacy with which our analysis in any 
case has ascertained the essential conditions, and it is 
diminished wlien we have assigned to the pheiionienoa an 
integral place in the system of knowledge so far as it has 
been already constituted. For systematisation is the last 
step in explanation. 

3. Systematisation.— 'Systematisation is then the stage 
at which laws are explained by their relations to laws of 
yet wider generality. An object or event is isolated xmlil 
we can assign its cause in an empirical law j an empirical 
law is isolated until we can derive it from a wider generali- 
sation. This derivation can only be accomplished by dis- 
covering between the two generalisations some element of 
identity which is seen to condition the laws of less gene- 
rality. By detecting this element in a number of empirical 
laws it is often possible to show that all of them are 
dependent on one principle. This is the most important 
manner in wliich systems of knowledge are developed. 
The empirical laws are said to be Buhsumed under: the 
principle from which they are derived. ■ ■ Thus' the laws ■ 
of falling bodies and of the movements/of the. tides are 
special cases of the law of gravitation, ' 

The wider the scope of such a principle, the more 'satis-; ; 
factory is tlie explanation. When- the wave-theory of - 
is found to account for refieetion, refraction', 'i,at6rfere:ac6, 
and other phenomena of light which differ widely in the 
effects they product?, it has strong dal ms to wxeptaiice, 
even though it cannot be shown that no other theory 
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would explain them as well. Indeed, it has become almost 
an axiom of explanation that the fewer and simpler the 
fundamental laws which form as it were the pivots of the 
system of knowledge, the better. The few theories that 
occupy this position, such as the theory of gravitation, the 
principle of evolution, the atomic theory, and the wave- 
theory of light cover between them a wide range of natural 
phenomena, and men do not despair of showing that heat, 
light, electricity, gravitation, are modes of one and the 
same force." The postulate of unity compels us to seek a 
single system' of knowledge in which the complex -is 
resolved into the simple, and the main theories are few 
and comprehensive. 

Other modes of systematisation that have been distin- 
gnished are subordinate to that of subsumption. We 
may, for example, explain a particular phenomenon of 
which we have found! the empirical law as the resultant of 
two or more independent causes acting simultaneously, as 
when the rise of a balloon is explained by the laws of fluid 
pressure and of gravitation : ^ or we may trace the laws 
of causes acting successively and show how a series of 
events arise out of one another. The latter type of ex- 
planation will be frequent when we are determining th§. 
course of historical development. But in neither case 
need we be fulfilling the ideal of explanation, though we 
are making our knowledge more systematic. The laws 
by which an empirical law is explained may themselves be 
derivative, and to trace a historical sequence and to reveal 
it as causal is only a part of explanation. Aspects of the 
sequence are compared, and historical knowledge becomes 
more systematic as these aspects are embodied in wider 
generalisations. 

To^ systematise knowledge is to make a distinct advance. 
Empirical laws wM<fli separately rest on evidence that is 
not conclusive are strengthened by forming an indispens- 
able link in a system. Eesults obtained in one branch of 
' science often corroborate, or throw strong light on, similar 
conclusions in another. The independent evidence on 


^ Cf. Yeim, Empirical Logic, p. 505. 
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wMch tliey are based gives them mutual strength. All 
laws cannot at present be shown to be derivative from 
established principles, and while our knowledge of the 
system is imperfect it is a gain to discover that laws which 
have not yet been derived from -a common principle, not 
only do not conflict with one another but afford positive 
support to their respective conclusions.^ The distinction 
between the ideal and the actual system of knowledge is 
well expressed by Mr. Hobhouse. . :A£ter summing up the 
essentials of inductive process, he writes : The resulting 
system, worked out ideally for ah experience, and with all 
its points of interconnexion clear and, certain would be the 
ideal knowledge; worked out clearly nnd definitely in this 
or that body of truth (such, perhaps, as matliematics and 
physics), less coherently and . definitely in others (siicli., 
perhaps, as physiology), and strongly but indistinctly felt 
rather than pointed out in the great bulk.uf our .(common-, 
sense,* every-day lieliefs, it constitutes , the knowledge 
which, we actually possess.**^ 

The theoretical limit of explanation's a complete and 
exhaustive knowledge of the system of the universe itself. 
We are bound to assume tibiat idmilj everything within 
the system admits of explw^tioni since with ^ full know- 
ledge wo should see it in its proper connexions in tli© 
system both with all other of its elements and with tlio 
whole, and tlmt is all that explanation implies. Of tlie 
whole system there can be for us no explanation outside 
itself. It is true that some laws appear to be ultimate 
in our present state of knowie%e : but in accordance with 
the postulates of knowledge we attribute their apparently 
ultimate character to our eompirative ignorance, i’or 
example, wide-reaching as the theory of gravitation is, 
it throws no light on the nature of gravitation itself. 
Hence the mind cannot rest content with the theory as 
an ultimate explanation. It iw>gnisM it as a problem 
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4. Tallacies incident to** Explanation* . 

(i) Origin , — As explanation involves generalisation it 
is evident tliat errors of generalisation will render onr 
explanations futile. It is further evident that all generali- 
sation from insufficient or misapprehended data must be 
fallacious. This means that such invalid results are all 
too easily accepted, for our discussion has at least brought 
out the truth that the interpretation of experience is a very 
difficult task. Had we no innate tendency to generahse 
oiir experiences, science could hardly begin, yet this very 
tendency is at the root of the danger, for it leads us to 
draw general conclusions from very inadequate knowledge. 
Children generalise wildly, and untrained minds show 
little improvement. One of the most difficult lessons the 
scientific worker has to learn is to be cautious. 

(ii) Empirical Greneralisations. — G-enerahsations are, 
we have seen, at first empirical; and in that stage can 
never be more than probably true. Here are evidently 
possible two main forms of error. We may generalise 
from too few instances, and even without having consi- 
dered whether any exceptions can be met with or have been 
recorded. The generalisation is usually based on some 
striking feature common to the cases noticed, and cases 
which do not present that feature for that very reason 
escape notice. Hence such generalisations as that dreams 
are prophetic arose from the marking of coincidences 
between dreams and subsequent events and disregarding 
all dreams which did not thus obtain fulfilment. 

Such an example brings out another mode in which 
empirical generalisations are often vitiated, in that too 
general a resemblance is taken as its basis. The amount 
of coincidence between dream and fulfilment is often ex- 
tremely small; its very existence really awakens surprise 
and wonder ; it seems something needing explanation, and 
the explanation is found in an assumed causal connexion. 

The almost inevitable result of such imperfect analysis 
is the undue extension of the generalisation. Thus, to 
extend an empirical generalisation of some phenomena of 
social life, founded upon a survey of the condition of any 
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one couDtry at some particular time, to otlier peoples and 
other times is to make a fallacious inference. 

As one class of fallacies of this character Dr. Fowler 
mentions undue respect for authority. The influence on 
the opinion of the multitude of expressed judgments of 
well-known people on certain questions is well known to 
advertisers of quack medicines, promoters of public com- 
panies, and those generally who wish to attract public 
confidence to the goods they have to sell. The form of 
the argument involved would seem to be, that A is a man 
whose opinion on many subjects is of weight, therefore, 
his judgment is of weight on all subjects. ** 'Wq have to 
learn,” said Dr. Fowler, not only that men are to be 
trusted exclusively within the limits of their own ex- 
perience, in. their own profession or pursuit, but that even 
within those limits their authority is apt to become 
tyrannical and irrational unless it is constantly confronted 
with facts and subjected to the criticism of others.”^ 
Similar remarks apply to an excessive regard for the 
authority of great writers. A striking example of this 
fallacy is found in the intellectual idolatry with which 
the schoolmen regarded Aristotle. 

The second main source of error is to r^ard an empirical 
generalisation as a necessary law. This has long been 
known as the fallacy Post (or Ctm) hoc^ ergo propter hoc 
— if events are connected in time they are causally related. 
This, too, is committed when dreams are regarded as 
prophetic. The fallacy arises because we cannot rest 
satisfied with mere statement of fact — even of general fact. 
We need explanation, and we are often in far too great a 
hurry to reach it, so we fall into this fallacy by accepting 
as true the first su^estion that offers itself.: 

No doul)t constant connexion in time suggests a deeper 
bond"— but that bond is not always founl in the events so 
connected— often it must be sought in a d-eeper rmiity. 
Day and night, for example, are causally eoimected with 
the daily rotation of the earth — ^but day does not cause 
night nor night day, constant m is their temporal suc- 
cession. 

* Ind'ucim Logkf p. 292. 
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(iii) Estalblislied Tnitlis*— Fallacy, of course, is com- 
mitted not only wlien an empirical law is regarded as 
causal and necessary, but when a truth really so estab- 
lished is wrongly applied to concrete reality. Of this 
latter fallacy the most common examples are probably to 
be found in the consideration of cases where the operation 
of the law is frustrated by counteracting conditions. 
Especially is this liable to occur in the consideration of 
social questions. In illustration we will quote a passage 
from Sir G-. C. Lewis : “It is to be borne in mind that, in 
estimating negative instances, due allowance must be made 
for the occasional frustration of causes. , . . For example : 
it might be argued, from the occurrence of several cases 
in which the absence of high import duties and of com- 
mercial restrictions was accompanied with abundance and 
cheapness of commodities, that the former was the cause 
of the latter. Certain instances might then occur, in which 
the former existed without the latter; but each of these 
exceptional cases might be accounted for, by showing that 
there was a special circumstance, such as a deficient supply, 
or interruption of intercourse by war or blockade, which 
partially obstructed, and for a time suspended, the opera- 
tion of the former cause. Again: it might be shown, by 
the evidence of facts, that the operation of a new law had 
been generally beneficial, with the exception of certain 
districts, where its enforcement had been prevented or 
retarded by certain peculiar and accidental circumstances. 
Exceptions of this kind, which admit of an adequate 
special explanation, serve rather to confirm the general 
inference than to weaken it ; inasmuch as they raise the 
presumption that, but for the partial obstruction to the 
cause, it would have operated in these as in the other 
instances where no obstructions existed.” ^ In such cases 
we have, of course, an inadequate analysis of the con- 
ditions of the case to which we propose to apply the 
general law. 

: ^ G*enerally, then, all illicit statement of law, and all 
wrong application of law, resolve themselves into inade- 


^ Methods of ObaervcUion and Measoning in Politics, voL i., p. 386. 
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quate analysis of facts. The statement of the law is 
erroneous when the conditions given include either more 
or less than just those essential conditions which are the 
ground of the phenomenon. Thus, if we take one of a 
number of related conditions as the total cause, our 
general law will be wrong, as its statement will embrace 
instances which do not really come under it. Fox example, 
to state that the boiling-point of a liquid depends only on 
the temperature would be to omit the equally essential 
condition of atmospheric pressure. Thns, to say that 
water boils at 100^ C. is wrong; it boils at that tem- 
perature under the pressure of one atmosphere; that is, 
the normal atmospheric pressure at the sea-level. Up a 
mountain the boiling-point is different. 

Again, in the analysis of phenomena it is possible to 
confuse the whole or a part of the cause with the effect. 
That it is by no means easy to determine in all cases which 
are the determining, and which the determined, elements 
in a complex phenomenon is illustrated by the fact that 
meteorologists are not agreed whether the copious and 
sudden downfalls of rain which usually attend thunder- 
storms are the cause or the effect of the electric discharge. 
The common opinion is that they are the effect, but 
Sir John Herschel held that they were the cause. 

Another source of error is the neglect of the mutual 
interaction of cause and effect. This interaction, of course, 
may also lead to that confusion of cause and effect which 
we have just noticed. This again is well Elustrated from 
social phenomena by a passage from Sir G. C. Lewis. He 
says: **An additional source of .error ' .in determining 
political causation is likewise to be- found in the muimUty 
of came and effect. It happens sometimes that, when a 
relation of causation is asteblished between two facts, it is 
hard to decide wliich, in the given case, 'is the cause.: and. 
which the effect, because they’ act and redact 'm|wa>acl 
other, each phenomenon being in .turn 'muse and effect. 
Thus, habits of industry may, produce, wealth, whilst 
acquisition of wealtii may promote induifcry; 'again, Imbits. 
of study may Bhar|>eii the understanding, and the increased 
acuteness of the understeading may afterwards' increase 
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tie appetite for study. So our excess of population may, 
by impoverisliing the labouring classes, be tlie cause of 
tlieir Imng in bad dwellings; and again, bad dwellings, 
by deteriorating tlie moral habits of the poor, may stimu- 
late population. The general intelligence and good sense 
of the people may promote its good government, and the 
goodness of the government may, in its turn, increase the 
intelligence of the people, and contribute to the formation 
of sound opinions among them. Drunkenness is in general 
the consequence of a low degree of intelligence, as may be 
observed both among savages and in civilised countries. 
But, in return, a habit of drunkenness prevents the culti- 
vation of the intellect, and strengthens the cause out of 
which it grows. As Plato remarks, education improves 
nature, and nature facilitates education. National cha- 
racter, again, is both effect and cause; it reacts on the 
circumstances from which it arises. The national pecu- 
liarities of a people, its race, physical structure, climate, 
territory, etc., form originally a certain character, which 
tends to create certain institutions, political and domestic, 
in harmony with that character. ThesA institutions 
strengthen, perpetuate, and reproduce the character out of 
which they grew, and so on in succession, each new effect 
becoming, in its turn, a new cause. Thus a brave, ener- 
getic, restless nation, exposed to attack from neighbours, 
organises military institutions : these institutions promote 
and maintain a warlike spirit : this warlike spirit again 
assists the development of the military organisation, and 
it is further promoted by territorial conquests and success 
in war, which may be its result — each successive effect 
thus adding to the cause out of which it sprung.’^ ^ 
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These questions are in most cases taken from papers set at' 
public examinations, 

CHAPTERS L-IL 

’'*'1. “ Logie deals with the form and not the matter of. Thought.” 
Carefully consider tins statement ; and distinguish Logic [a) from 
Psychology, (/>) from Grammar. 

2. “ A man who has reflected upon the principles oi reasoning is 
niucli less likely to be deceived than one wdio is guided uneon* 
Bciously by assumptions which he has never examined.” Discuss 
this and give illustrations. 

3. Examine the following statements as to the province or func- 
tion of Logic — 

(a) The science not of Truth but of Consistency. 

(b) The science of the operations of the understanding which 
are subservient to the estimation of evidence. 

(c) A machine for combating Fallacy. 

y4. What do you understand by the distinction between Logic as 
a Bcienoe an<I Logic as an Art ? Illustrate your answer by reference 
to different departments of logical doctrine, or reference ■ to 

different modes of treating logical problems., 

5. In what sense, if any, is Logic dependent, for its principles on 
advance in. scientific knowledge ? 

(I. Discuss the statement that much valid thought precedes the 
Etudy of Logic, hence the study of Logic is valueless for the 
poses of valid thought. 

7, Discuss the view of Logic implied in the follow,is|,t'*-,*''* 'Logi,c 
had bc^giin its work, and in men of a eertaia 'temperaitient political 
logic is apt to turn into a strange poison. /They ..will not .rest until 
they have drained first principles to their very dreg®. They argue 
down from the necessities of abstract reasmiing ' until they 

4m . 
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"“af of oonorete cireumstanoe” 

— (John Morley, Oliver Cromwell, pp. 239»240.) 

8. Explain the meaning and significance of the fnndaniental Laws 
of Thought. ^ Do they famish more than a negative test of truth’ 

Show that in every judgment there must be sdrne identity betwem 
subject and predi^^te, but that in no judgment can subject and pre 
dicate be wholly identical. ^ 

9. State the three fundamental Laws of Thought, explain ttsi,. 

of Lh other 

pla^nd valt. discuss its logical 


CHAPTER ni. 

1. How does the study of terms enter into Logic? Distinguish 
between (1) general and singular, (2) abstract and concrete terms 

“unon wWt f ® arise in applying the distinction.’ 

Upon what pounds would you decide whether the name “The 
Right Honourable H. H. Asquith ” has extension or inSn^y 

examples showingdifferent 

ways in winch the connotation of a name is such that the name i, 

rrLt ^ 

senses have logicians attached to the expression 
-1 ^ ^ “y which simply 

tlipv oc^ider the use or function of terms we find that 

vou know thfli- +. ™ ® maintained, so far as 

* “^y “erely connote attributes”’ How 

frL aliSr connotation of proper names arise 

- Tfetkin fr attached to the word connotation? 

meaning of the statement that as the 

accural “Thfslt ®*’ f®®*'®®^®®’ ^re the limits to the 

oy the statement? Is it tme that the more comprehensive 
farm has less significance than the less comprehensive? 

you J“ti‘“f'®^’'!*T“^f>®f'^°f'‘°dConoreteTerms. Would 
you say that a geneno term such as ‘animal’ is more abstract 
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tlian a specifio term such as * horse’? Give reasons for your 
',, answer, ■ 

^ (6) Upon what grounds have abstract terms, if they are names of 
I a simple attribute, been thought to be destitute of connotation? 

I Examine this contention. 

7. Describe the nature of Collective Terms ; can they be distin- 
guished from general terms ? 

8. Give the logical characteristics of—organism, force, nation- 
ality, His Eminence, our American Cousin, monopoly, The Renais- 
sance, the judicature. 

9. Describe the logical characteristics of the following terms — ^ 
lame, crowd, colour, son, eqTiation, unholy, ant, Lord Shaftesbury, 
the tallest man alive, the Lord Chancellor, non-Christian, 

10. Discuss the question whether the following terms are respec- 
tively eonnotative or non-connotative — London, St. Paul’s Cathe- 
dral, The Emperor of India, man, parallelogram. 


CHAPTER IV. 

1. Discuss the logical importance of the Heads of I-*redicables. 

2. Mathematics lias been said to be distinguished from Physical 
Science by the preponderance in the former of atSrmations of 
Propriurn. Account for this difference. Can you give any non- 
mathematical scieiitifio examples of such predication? 

3. What is a predicablo ? Enumerate and describe the different 
predicables, constructing propositione to illustrate tliem. 

Distinguish analytical and synthetical propositions in terms of 
the predicables they resjiectively employ. 

4. Distinguish between a Verbal and a Real Proposition. Con- 
sider under ^vbich head the following' ought to te ciassed~(l) 
Whatever is, is. (2) Those organisms surrive which are best 
adapted to survive, (3) Eight is right. (4) Man is man {and 
master of his fate). (5) It is inadvisable to eat too .much. ,(6) Tlie 
expense of travelling on the continent de|;j6nds on the habiti atici', ' 
means of the traveller, and his mode of Journeying, and likewiM 
on the rate of charges made in the various oountries. (7) We am 
abk to reason because we have the faculty of ratl,o 0 !iJatioii.. ■ 

6. Give the Germs, the Differentia, a Propriurn, and an Aeeidmis 
of— gold, Darwinian, rhombus, house j and my why you ohoone ' ■ . 
what you give in your answer. ' 
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1. Whafe are the chief nses in defining a term ? and what are the 
chief classes of terms that are indefinable ? 

2. State the meaning of Definition, and carefully explain any 
technical terms that you use in your statement. 

Comment critically, with examples, on (a) the distinction between 
the nominal and real definition, (6) the distinction between the 
definable and the indefinable. 

3. Comment on the following definitions— 

(a) A multiple is any number divisible by another number. 

(b) A legislator is a member either of the House of Commons 
or of the House of Lords. 

(c) A straight line is that which lies evenly between its 
extreme points. 

(d) An idle person is one who will not work when he can. 

i. Show by examples the nature of the mistakes that are likely to 
be made in trying to define such words as Verb (in grammar), 
Factor (in Arithmetic), Combination (in Chemistry), Pleasure (in 
Psychology). (Other words may be substituted by the examinee 
for those suggested. ) 

5. In what respects, if any, do the following definitions fail to 
satisfy logical requirements — 

(1) Causality is uniform antecedence in time. 

(2) Strength of will is that which enables a person to persist 
in his voluntary resolutions. 

(3) Life is the totality of vital phenomena. 

(4) Orthodoxy is my doxy ; heterodoxy is another man’s doxy. 

(5) Sound sensations are those which are produced by stimu* 
lation of the auditory nerve. 

6. Discuss the place and importance of Genetic Definition in 
knowledge. 

7. Definition must be both the starting-point and also the end 
and aim of all thinking.” How do you understand this statement? 

8. Compare the definability of the following terms — book, 
square, dullness, Victoria, silver, exogens, thermometer, coal, 
brilliancy, the present Chancellor of the University of London, 
Cambridge, cart, this ear. 

9. Point out the fallacy, if any, in each of the following — • 

(a) All responsible beings are rational ; responsibility in- 
creases with the increase of rationality ; some dogs are more 
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rational than some men ; therefor© some dogs are more respon- 
sible than some men. 

(b) If I am to pass this examination, I shall pass it, whether 
I answer correctly or not ; if I am not to pass it, I shall fail, 
whether I answer correctly or not ; therefore it is of no con- 
sequence how I answer the questions. 

(c) The laws of Nature never can be broken. Social law is a 
part of the general system of Nature ; therefore it cannot be 
broken. 

{d) To assault another is wrong ; conssequently a soldier who 
assaults another does ■wrong. 

(e) I shall not join your society : you can’t expect me to do 
everything. 

10 , Discuss the main faults in definition and illustrate them by 
examples. 

11, What fallacies may lurk in (1) the ambiguity of tlie word 
‘all,* {2) the use of metaphor? 

12 , Define the terra Falla 037 as employed in Logic and distinguish 
a fallacy, as thus emploj^ed, from a false belief. 


CHAPTER VIL 

1 . Explain what is meant by Definition and Division, and show 
their relation to each other. Criticise the following as divisions : — 
(1) Human beings into men, women, and children. ( 2 ) Fungi into 
mushrooms and toadstools. (S) Substances into ponderable, impon- 
derable, and spiritual. , ( 4 ) Chair into legs, back, and seat, ( 5 ) 
Governments into democracy, oligarch)^ monarch}^ and anarch}". 
(6) Organisms into plants, animals, and social organisiiis. 

2 . Give concise!}" the formal rules of logical division, 
the differentia' of a species connected . with the ftmkmenlmn 
Btonis upon which the division of the germs proceeds? Exani'i 
.the following examples 0! division ; and amend them wliere 
:sary — ' 

(1) Triangles contain either a' right angle, an obtuse angle, 
- or an acute angle. 

(2) Numbers are cither positive or negative or whole or 

, ' fractional:cjrpKime or coin 

:i Criticise the statement that a purely formal divi^hin i,H 
■possible process, , 
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4. Criticise the following divisions— 

(1) North America into Canada, the United States, and 
Mexico. 

(2) Terms into Singular, General, Abstract and Concrete, 

(3) Books into bound, and unbound. 

(4) A piece of lime into whiteness, solidity, weight, and 
extension. 

(5) A person into bones, flesh, feeling, and will. 

5. Explain what is meant by Classification, and show what excel- 
lencies a classification should have, and to what faults it is liable. 

6. Distinguish Logical Division from Natural Classification, 
State and illustrate the rules of logical division, and consider how 
far they can be realised in classification. 

7. Distinguish between a natural and an artificial classification, 
giving illustrations. What are the precepts and precautions to be 
observed in selecting the basis of classification ? 

8. In the Theory of Classification, what do you understand by 
essential characteristic, constant, important, and accidental 
features or properties ? Give examples. 

9. How far can we distinguish kinds of Classification by reference 
to the purposes which they serve? 

10. Explain and illustrate the difference between the Nomencla- 
ture and Terminology of a Science, and show briefly the principles 
upon which they should be constructed. 

Are there any technical terms of a Science other than those which 
belong to its Nomenclature or Terminology ? 

11. Discuss the principle on which suhsumpHve classifications are 
made and the limitations to which it is subject in actual scientific 
work. 


CHAPTERS VIIL-X. 

1. What do you understand by a Categorical Proposition ? What 
other forms of judgment can be expanded into Categorical Proposi- 
tions. ■■ 

2. Discuss the function of the copula in logical propositions. 

3. What is the essential distinction between the subject and pre- 
dicate of a logical proposition ? Illustrate by examples. 

4. What is meant by the Quantity of a Proposition ? Why are 
singular propositions classed under universal propositions ? Bring 
out carefully, with the aid of illustrations, the various meanings 
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or ambiguities attaching to the designations, some, any, all, few, 

.most.; ■■ 

5. Define ^exclusive’ and ‘exceptive’ propositions. What is 
the logical relation, if any, between them? Express the following 
propositions in logical form, and give the contradictory of each — 

(a) The only man in the house was the landlord. 

(b) Any one but an idiot would believe it. 

(c) No admittance except on business. 

{d) Members alone can vote. 

What is the logical relation between the propositions “Only 
graduates are eligible ” and “ Some graduates are eligible ” ? Under 
what conditions is this logical relation valid ? 

[An Exclusive Proposition contains a word such as alone limiting 
the subject— 5 alone is P : An Exceptive ProposUion excludes a por- 
tion of the denotation of the subject- term from the predication by 
some such word as except, unless^Every B is P unless it is iJf.] 

6. Reduce each of the following to its strict logical form and 
indicate the quantity and quality of each logical proposition — 

(a) All men are not liars. 

\ [b) Any man would have done the same. 

I (c) Few are successful in achieving their ambitions. 

I {d) A few were not disheartened by failure. 

(e) Scarcely any marksmen score the full total possible. 

7. State in logical form ; mdi<mte the subject and predicate ; and 
give the quality and quantity of the following — 

(a) All that glitters is not gold. 

(5) Axioms are self-evident. 

(c) Among Englishmen many great generals are found. 

(d) Not one of the enemy escaped. 

8. Oive a full discussion of Ind^ignate propositions. 

9. Express as clearly as possible what you take to be the nature 
of a hypothetical proposition. 

(a) Compare the iinx)ort of the hypothetical proposition, If 
S, then P, with that of the categorical proposition, B, is P, 

(b) How far can the disjunctive proposition . be reBolval into . 
hypotheticals, and into how many ? 

10. Express in hypothetical form -the following disjunctive .pro- 
positions, taking aooouni of the meaning in meh ease—* 

(1) A line must be either straight .or curved. 

(2) 1^0 obtain this post a man;: must posieiw either riierlfc or, 
..influeno©... 
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11. Discuss, with examples, the question ■whether Hypothetical 
Propositions can be reduced to Categorical Propositions, 

12. In what way should the Disjunctive Proposition be inter- 
preted? What is its relation to (a) the Categorical Proposition, 
(5) the Hypothetical Proposition ? 

13. How far do distinctions of Quality and Quantity apply to 
Hypothetical and Disjunctive Propositions ? 

14. Express the following H^’pothetical Propositions in the fun- 
damental three-term form — 

{a) If a man steals, the law should punish him. 

(?/) If the report is true, what you say is untrue. 

{c) If you do that, I will punish you. 

[d] If study is Avell done, the student will gain. 

{e) If two parts of hydrogen combine with one part of 
; oxygen, water is formed. 

If) If this work requires three hours a day, I cannot do it. 

15. Wliat is meant by the ‘ Import of Propositions ’ ? State 
various views which logicians have held on this subject. Which 
view seems to you to be preferable, and %vhy ? 

> . 16. “Judgment consists in comparing together two notions or 

ideas of objects derived from simple apprehension, so as to ascer- 
tain whether they agi'ee or differ.” 

Critically examine this view, and indicate carefully the relation 
you take to hold between notions, judgments, and inferences. 

H 17. How far is it (a) legitimate, {h) adequate, to construe an 
i ' affirmative categorical proposition as meaning that the subject is 
j i included in the predicate class ? 

18. Examine how far the import of categorical propositions can 
Iv be represented by diagrams. Comment upon any diagrammatic 
H I ^ scheme that has been adopted by logicians, and indicate the extent 
' j to which it succeeds or fails in satisfying the requirements of such 
< diagrammatic representation. 

piliiiff i 

; y ' CHAPTERS XI.-XIV. 

' ^ I * , L Arrange the following propositions so as to show ■whether or 
^ ,Bdt:the trath or the falsity of one can he inferred either from the 
I < I truth -dr the falsity of another ; "Ho intelligent persons are pre- 
ii jtX(ii<5ed^ All unprejudiced persons are intelligent; Some iinintelii- 
, ■ ^ gent persons are unprejudiced ; Not every prejudiced person is 


I 


QUESTIONS AND EXEEOISBS. 507 

till intelligent. Explain any technical processes which you may use 
in lyorking out your answer. 

2. Distinguish {a) contradictory and contrary terms, (5) contra- 
clictory and contrary propositions. 

What precise meaning do you attach to the law of contradiction ? 
How is the square of opposition affected if ‘ some ’ is taken 
mean ‘ some but not all ’ ? 

V 3. Give the contradictories of the following hypotheticals — 

(1) If the material world is finite, it must have been created. 

(2) If a tiger once tastes human blood, it becomes dangerous. 

4. What immediate inferences can be drawn from each of the 
following four propositions ? — 

(a) If a; is true, then y is true; {h) x would be true, if y were 
true ; (c) x and y cannot both be true ; {d) either x is true or y is 
true. 

What conclusion (if any) could be dra%vn in each case if it were 
further known (1) that x is true, (2) that x is false ? 

5. Distinguish the logical nature of Immediate Inference from 
that of Opposition. Ex^ilain why it is impossible to convert an O 
proposition. 

State the following in logical form and give their converse and 
contrapositive — 

(1) None but young soldiers run away, and they only in their 

first engagements.^ ' ^ ^ 1 1 'I ' * 1 1 'I If f ; i i ^ 

(2) Starvation wages are better than none at all 

(3) Not all the riches of the earth can bring liappiness. 

(4) Humour is not given to all, 

6. State the following propositions in logical form, and give, 
where possible, the Converse and Contradictory of each— - 

(a) All knowledge is only recollection. 

{h) We cannot ail command success. 

(c) That is all that I asked for. 

How would you prove the rules for Conversion, Obversion, and 

Contraposition? ^ 

7. (a) On what grounds has it been proposed to exclude the pro- 
cess called 'immediate inference* from the sphere of inference 
proper! Disouss. 

{h) State, giving examples with S and P used for terms, what can 
be asserted as to the irutli of a proposition from— 

(!) The falsity of its contrary, 

(il) The truth of its simple converse. 
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(iii) The truth of its sub-eontrary. 

(iv) The falsity of its converse. 

(v) The falsity of its sub-alternate. 

8. Draw as many inferenees as you can from the following pro- 
positions, naming them by their logical names — 

(a) A merry heart goes all the way. 

(5) You can only support yourself on something which offers 

resistance. 

9. Give, where possible, the contrary, the contradictory, the con- 
verse, and the contrapositive of the following — ^All tyrants are 
unhappy. Some crows are white. When sinners repent, some- 
times they are not forgiven. If a man seeks pleasure he can never 
attain happiness. If Aristotle is right, Herbert Spencer is wrong. 

4 . 10. Give the most concise proofs that you can of the rules for 

II j Conversion, Obversion, and Contraposition of Propositions. 

’ : 11. Give, where possible, the contradictory, converse, and contra- 

positive of the following— 

! (i) Not all despots are cruel. 

III 1 1 (ii) Only philosophers fail to see the difference between a post 

lllll' and my idea of a post. 

f 1 1 ! 1 ‘ (iii) He who is down need fear no foe. 

12. Reduce to logical form and give the contrapositives of the 
: following propositions — 

(1) Alore haste less speed. 

' (2) None but himself could be his parallel. 

'I : ’ ' (3) Only fools learn by experience, 

r (4) It is an ill wind that blows nobody any good. 

I (5) A miss is as good as a mile. 

„ ; ^ \ 13. Express in ordinary categorical form each of the following 
' • I ? j^opositions, examine the distribution of its terms, and give its 
'^'1 contrapositive — 

, ! tj 1 1 ’ ' . (a) We smile not only when we are pleased. 

* ' ' 0>) The price of an article does not always rise immediately 

' I } ; afi^r it is taxed. 

(c) Any one may judge of B.’s conduct who examines the 
4 . : ' evidence. 

|£“ - Wherein lies the fallacy of the following ? — A poet is a man, 
f t therefore a good poet is a good man. 

' 14.' Show how diagrams may be used to prove the rules of con- 
f Version and contraposition. 

I } Show also, by means of diagrams, that we cannot infer from 
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** All A’s are B” that **Some B’s are not A” ; nor from “Some A’s 
are not B” that “ Some B’s are not A.” 


CHAPTERS XV. -XVIL 

1. Briefly discuss the claim of method to a place in logical 
doctrine. 

2. Discuss the relation between the processes called Induction 
and Deduction on the one hand, and those called Analysis and 
Synthesis on the other. 

3. Compare the respective functions of logical analysis and 
synthesis. Is there any fundamental opposition between them ? 

4. Criticise the statement that science progresses through analy- 
sis to synthesis. 

5. On what grounds would you describe mathematics as mainly 
a synthetic science, and chemistry as mainly an analytic science? 

6. What are the essentials of a good method ? How far can they 
bo usefully expressed in rules ? 

7. Compare mathematical and historical inference. 

8. Indicate concisely what you take to be the essential nature of 
inference. 

9. Discuss the place and funotiop of^th© empirical element in 

geometry. , 

10. Discuss the conception of system' in relation to (a) a particular 

science, {h) knowledge as a whole. 

11. Explain exactly the nature of the fallacies Petiiio Frincipii 
and Igiioratio ElencU, Examine, with the aid of illustrations, the 
mental conditions which may give rise to these fallacies. 

12. Examine logically the following arguments— 

(a) “ If it be said that there is an evil in change as ohaiige, I 
answer that there is also an evil in discontent as discontent.”^ 
{h) “I speak not from mere theory.- There exist at this 

moment practical illustrations of my assertions. 

(c) An adverse decision, my lords, will seriously prejudice; 
the political prospects of ray client.'. I bag you, therefore, to: 
weigh well a decision which, if, unfavourable, will spell dis.asfer 

lor an honourable man. ^ 

(d) Who can deny that this raeaiure,will,,araehorate the to.fc 
of our fellow-citlMBS when we reflect that ,, it will raise 'tlto:. 
standard of ooinforfe in every home I 
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CHAPTERS XVIII.-XXI. 

1. Define a categorical syllogism in its narrowest S( 
in shortest form the necessary and sufficient rules for 
a syllogism. 

2, If, in a valid syllogism, the conclusion be false 

mises be likewise false ; if the X ’ 

be true j if the conclusion and one of the 
other premise be false? Give 


, must the pre- 
premises be false, can the conclusion 
— , .**0 premises be true, can the 

_ . ^ feasona for, and illustrate, your answer. 

3. Give the meaning of the Dictum de omni et nullo. How is 
the proper statement of it affected by the method of interpretim- 
the import of propositions in extension or intension, or both ? 

« and prove from it 

the Special rules for the First Figure.” ^ 

q would you offer of the rules of the Hypothetical 

Sjllogism. Give concrete examples in illustration of the rules. 
Oomiuent on the term ‘reduction’ as used of the transformation 
^ ww u ® categorical syUogism, or mce v&rsa. 
rufe syllogism? Explain the reason for the 

mle-affim the antecedent or deny the consequent. To what 
w“iJLd? ® eategoneal syllogism do the violations of this rule 

connected with the doctrine of the 

ar^e ‘if a triangle is equilateral, it is equiangular; but this 
n n^e is equiangular and therefore it is equilateral” 

-rri:r4‘S'z“: 
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7. Cri ve a clear and precise explanation of the rule concerning tlie 
Middle Term of a syllogism. 

8. When is it impossible to draw a valid conclusion from two 
given premises ? Explain why the inference is impossible. 

9. Prove that a particular premise necessitates a particular con- 

: elusion.'' '■ ■ ■ 

10. Show, from the general rules of syllogism, that in the third 
figure the minor premise must be affirmative and the conclusion 
particular. 

11. Explain why the third figure of the syllogism is suitable to 
the discovery or proof of instances and exceptions,’^ and prove hy 
the syllogistic rules that in the second figure the conclusion must be 
negative. . 

Construct an example {not a symbolical formula) in Baroco in tlie 
second figure and reduce it directly and indirectly. 

12. Grive the special rules for the equality and quantity of the 
premises in the second and third syllogistic figures and explain the 
reasons on wliich they are based. Reduce to the first figure the 
following syllogisms — 

(1) Some logicians are not good reasoners ; all logicians know 
how to reason well ; therefore some who know how to reason 
well do not reason well. 

(2) Some virtuous persons are bores ; all bores show a lack of 
sympathetic imagination’ ; therefore torn© persons irho show a 
lack of sympathetic imagination are virtuous* 

13. State the special canons of the four figures; construct 
examples of syllogisms in Cameiies, Barapii, and Baroco, and reduce 
them to the first figure. 

14. Why cannot 0 stand as a premise in the first, as a major in 
the second, as a minor in the third, or as a premise in the fourth 
figure ? 

15. Prove that in the first figure (1) the major premise must be 
universal, (2) the minor premise must be affirmative, 

16. If the major term lie universal in the premises and particular 
in the oonchision determine the mood and figure, it being understood 
that the conclusion is nut a weakened one. 

n* ,'K.ljiatJsjmeant by Mood. ? Show from the rules of the syllo- 
gism what moods ird“arone adrhm!B!elhTCe"wwhd1!py£\‘* “ ‘ 

'IBI "Construct examples IHsamM, 
Ferimi, and reduce them to the first figure. 

19. How far dwj-s the doctrine of Figure and M<kx 1 apply to 
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(1) Pure Disjunctive Syllogisms, (2) Pure Hypothetical Syilo- 
gisms? ' ■ ■ 

20. Prove that in every figure, if the minor premise is negative, 
the major premise must be universal. 

21. State the following argument in a syllogism of the third 
figure, and reduce it both directly and indirectly to the first— 
Some things worthy of being known are not directly useful, for 
every truth is worthy of being known, while not every truth is 
directly useful. 


CHAPTERS XXIL-XXm. 

1. What are the valid moods in Mixed Syllogisms, and how are 
they determined ? 

i 2. Discuss, with examples, the reduction of Mixed Hypothetical 
Syllogisms to the categorical form. 

3. Explain the modus ponendo toUe^iSy and examine the assump- 
tions upon which its validity depends. If I argue from the truth 
of A to the falsity of B, what is the real relation between A and 

I B which is required to make the inference valid ? 

Regarding the following two arguments as examples of the 
ponendo tolkns, point out analogies between them and introduce 
in each case the suppressed premise : (1) A man may be without a 
vote, though not a pauper ; but, from the fact that Mr. A. has a 
vote, I am able to infer that he is not a pauper. (2) There would 
I be nothing absurd in maintaining that the doctrines of Natural 
? Selection and of Utilitarianism are both false ; but from my con- 
viction that the former is true, I derive the conclusion that the 
. latter is not. 

4. What is meant by Disjunctive Syllogisms, and W’hat conclusion 
’ can be drawn from them ? Give examples. 

^ 5. Is it possible to apply distinctions of figure either to Hypo- 

./thetieal or Disjunctive Syllogisms? 

’ 6. Consider the following argument — ^Those who agitate for the 
franchise do not deserve it and those who do not are indifferent. 
It should not therefore be conferred. 

7. Construct in symbols a Triiemma corresponding to each of the 
:^four kinds of dilemma. 

i 8. What are the essential characteristics of the Dilemma ? How 
' many diflerent kinds of Dilemma are to be recognised ? Give an 
I example {in symbols) of each. 


QUESTIONS AND EXERCISES. 


518 



Indicate the most oommon sources of fallacy in dilemmatic argu- 
ments, with illustrations, 

9. *‘The plan of meeting a dilemma by another dilemma is a 
purely rhetorical device and has no logical efficacy,” Comment on 
this and give illustrations. 

10. Exemplify, and analyse the different kinds of Sorites. 

IL Classify the following and examine their validity — 

(a) Those who have shall not receive; those who do not 
receive do not want. 

{h) If we have a wet summer there is always a good clover 
crop. We shall therefore have a poor crop this year, for the 
summer has been very dry. 

(c) If the train is late, I shall miss my appointment ; if it is 
not late, I shall miss the train : but either it will be late or not 
late ; therefore, in any case, I shall miss my appointment. 

12. Beduce the following to logical form, and say if either con- 
tains any fallacy — 

(a) Free trade is a great boon to the working man, for it 
increases trade, and thus cheapens articles of ordinary con- 
sumption ; this gives a greater purchasing power to money, 
which is equivalent to a rise in real wages ; and any rise in 
real wages is a boon to the working man. 

0) aSi paiforijs^ im- 

moral ; mme iittiW!«*al peiwp? ai# jpuiiililied t 'iiwaferfe, / ‘‘ 1 
some thieves are not punished. 


OIIAPTEB XXIV, 


1 . ** Certain individuals have a given attribute ; an individual or 
individuals resemble the former in certain other attributes ; there- 
fore they resemble them also in the given attribute. ”—( Mill.) 

Consider whether this adequately expresses the nature of syllo- 
gistic reasoning. 

2. Upon what grounds has it been asserted tliat the conclusion 
of a syllogism is drawn, not from, but according to, the major 
premise ? Are they valid 1 

8. (1) You do not argue from but only according to the majfir 

premisc'of a syllogisni., 

(2) If the major premise is not true,, you mnaot draw the eori- 
olusion. 

Are thwe statements consistent, and, -if so, I’n what sens© ? 

I. L. 
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4. (a) Explain carefully what you conceive to be the function in 
a syllogism of the major and minor premise respectively, and 
briefly examine the contention that when the major premise is 
admitted the conclusion is asserted. 

{h) Prove that if the middle term of a syllogism is twice distri- 
buted, the conclusion must be particular. 

5. If the conclusion of an inference is implied in the premises, 
can it give new knowledge ? Bisenss with special reference to 
Induction. 

6. Determine the character and form of the following argu- 


ments — 

{a) X lies to the south-east of E, being due south of Y, which 
is due east of Z. 

(6) A is taller than 0, being taller than B. 

7. Examine the following: All strictly formal reasonings can be 
reduced to the syllogistic form. 

8. Examine Mill’s view that the Syllogism, considered as an 

argument to prove its oonelusion, is a Pnncipti. 


^CHAPTERS XVm.-XXEV. 

[Thefolhwing exercises should he worked when the complete doctrine 
of the syllogism has been mastered*' 

1. Put the following arguments as far as possible into logical 
form, examine their validity, and name any fallacy you may 
discover — 

(i) He must be a Scotchman, for no Scotchman can see the 
, : force of a joke. . 

. i / *(ii) Partners in the same enterprise have the same interest. 
How then can there be antagonism between my workmen and 
me? ‘ ' 

; (iii) Only if an officer is cool-headed does he deserve the 

chief command, and as this officer has not been thought worthy 
of the appointment, we may conclude that he is not cool- 
headed. 

; (iv) The king, by the constitution, can do no w^rong, and 
< ^ : therefore he is not rightly subject to praise or blame. 

4. 2. ; Examine teohnioally the following arguments- - 

(a) All men have ec^ual rights ; therefore, if A. has a right 
to £500 a year, B. has a right to £500 a year. 
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(M The great majority of persons who have h^ 
havebel Loinated ; therefore, yaooination can have no efi- 

T)“Sr^rrerSw is determined by interest 
Noi a reflex aofc may be defined as one that is . J 

« rtlivHioal stimulus. Therefore, interest is a physical stimulus. 

3. Stete the following arguments in syllogistic form, and examine 

their validity—" 

It is too cold here for this plant to grow. 

(3 Lme statesmen are also authors j for such are Beacons- 

field Gladstone, Balfour, and others. , j 

3 The literary style of these two books is similar, and 

therefore they are probably by the same author. ■ 

4. State the following arguments in syllogistic form w er 

nossible, and examine their validity— t t,j„ 

^ (aVif a man be rightly entitled to the produce of his labour, 
thS no one can be^rigW entitled to anything which is 

not the produce of his labour. 

(b) Poetic genius and scientific ability are per ec y 

natible, as the instance of Goethe proves. 

(c) M is the only possible cause of Pi if therefore we find 
P occurring, we may be sure of the presence of M. 

(d) It -m useless to give advice f for if 5 »8 he will 

not need it, and if he is not wisejie wfll go his 

0. Examine the Allowing :-(l) Beason midenta^lxn^^^^^ 
wherever it is found, and all men are rational, therefore aU men 
ThoiM be treated as equal. (2) To make a g°‘>d ^ar^ « an 
advantage, therefore the more good bargmns we make ‘be better. 
(3) A person found guilty by a jury may be ^ooent ; J°bn 'Tones 
tos hL found guilty, therefore he may be innocent. W Jo no 
interfere. Por if he means to do wrong he will do it, and if he 
means to do right your interferenoe will be impertment. 

6. Examine the following arguments— . „ti.nd 

(1) He is a very bad marksman ; hence it is safest to stand 

in front of the object he is aiming at. 

(2) The truly brave are never bullies : hence all buUies are 

°°^ 7 wisdom is inseparable from benevolence : hence all hene- 
volent pe ^ may smile and smile, and he a vilUin 1 my friend 
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(5) This regiment behaves braveiy in action ; therefore it 
must be composed of brave men. 

(6) B. condemns Napoleon and Caesar. But Napoleon and 
Caesar are great men ; therefore he condemns great men. 

7. Express in syllogistic form and examine the following argu- 
ments, naming the fallacies w^hich you may detect— 

(1) Idiots cannot be men, for man is a rational being. 

(2) Everybody is benefited by a University training, there- 
fore it would be a good thing if everybody had a University 
training. 

(3) Trespassers will be prosecuted. But if there are none, 
none will be prosecuted. Therefore somebody will trespass. 

(4) Apart from experience due to the state of the internal 
organs of the body, emotion can have no existence. Therefore 
emotional consciousness is wholly constituted by these experi- 
ences, 

8. Reduce to syllogistic form (giving mood and figure) and ex. 
amine the validity of the following arguments — 

(a) Everyone must be either a socialist or a free-trader ; but 
there are no free-traders who are pessimistic ; hence it follows 
that only socialists are pessimistic. 

(b) Few soldiers can be considered heroes ; for anyone who 
is incapable of fear must be accounted a hero, and but few 
soldiers can be said to be incapable of fear. 

(c) Englishmen admire all who are successful ; they must, 
therefore, admire some persons who are politically dangerous, 
for assuredly there are some successful persons who are politic- 
ally dangerous. 

9. Examine the following, explaining what the character of the 
argument is, stating it in logical form, and describing it by its 
logical name, whether fallacious or not— 

(a) It is difficult to understand why a statesman should lay 
himself open to the charge of Httle-mindediiess by harping upon 
his consistency, which it is well known is the failing of little 
minds. 

' / (6) I am accused of inciting to sedition by the address which 
I delivered to the meeting. But there is not one man present 
at the meeting who, if my remarks had been addressed to him 
privately, would have been moved to disloyalty. 

(c) ** To prove continuity and the progressive development 
of the intellectual faculties from animal to man is not the same 
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as proving that these qiialities have been developed ty Mtuwl 

selection. Because man’s physical structure has dejetoped 
from an animal form by natural selection, it does not nece- 
=arily follow that his mental nature, though developed^^) 
passu with it, has been developed by the same cause only. 

10. Test the following arguments and name any fallacies y 

may contain-— . 

(i) Ill-managed business is unprofitable. Bailways are ne 

ill-managed. Therefore all railways are profitable. ^ 

(ii) A vacuum is impossible, for if there is nothing between 

bodies they must touch. , , ,, fnr 

(iii) The governor of a country ought not to be blamea 
using his influence to further his religious views, for every man 

has a right to inculcate his own opinions. , 

11. Set out the course of the foUowing, bringing out the character 
of the argument and counter-argument, and stating that as tar as 

possible in logical form — , c tas 

‘ ‘ Schoolmasters speak of the disciplinary value of the classics ( 
giving them a superiority over the mother tongue). They are ai t 
to forget that our teaching of Latin comes from a time when Latin 
was used as a real substitute for the mother 

Uving language. There is no need in any way to belittle the utili- 
tarian or disciplinary advantages of teMhing forei^ 
ancient and modern. They have at any ®tb (me f®damentol use 
in enabling children to distinguish between words and idew, sine 
the same idea is translated in different languages by different wor . 
But to a large number of our children they must remain maooes- 
sible ; and in any case the teaching of a foreign language can as 
little replace the teaching of the mother tongue as a finger can 
replace the use of the hand.”-(Hartog, The Wriling of 

12. Examine the following arguments : express them wn 
possible in syllogistic form : supply any premises or oonolusions 
which are implied but not expressed : give the figure and mood oi 
valid syllogisms, and, if fallacy occurs, determine its natiira_ 

(a) “ With regard to the high aristocratic Spirit of Virginia 

and the southern colonies, it has been proposed, I know,^ ^ 
reduoe it by declaring a general enfranchisement of their slaves. 
This project has had its advocates and patiegyrists ; yet I 
could argue myself into any opinion of it. Slaves 
much attached to their masters. A general wild offer ot DDoiiy 
would not always be accepted. History furnishes few instances 
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of It. It is sometimes as hard to persuade slaves to be free as 
i^s to compel freemen to be slaves; and in this auspicious 
oheme we should have both these pleasing tasks on our hands 
at once. But when we talk of enfranchisement, do we not 
perceive that theAnaencan master may enfranchise too ; and 
arm servile hands m defence of freedom? A measure to which 
other people have had recourse more than once, and not with- 
out success, in a desperate situation of their affairs.”— (Burke 
On Goncihation with the American Colonies.) ’ 

(b) ‘‘THE DANGER OP TOUCHING THE PEEciq tq 

has drawn no 

me and unfolded^no principle. He has not told us, if this 
book IS condemned, what book may be written. If I may not 
wi^to against the e^tence of a monarchy, and recommend a 
Mo^r agamst any part of the Government? 

May I say that we should be better without a House of Lords 
or a House of Commons, or a Court of Chancery, or any other 
given part of our establishment? Or if, as has been hinted, a 
work inay be libellous for stating even leffai matter with sar- 
castic phrase, the difficulty becomes the greater, and the liberty 

w/T ™P°®“We todeflne.”-(Henry, LordErskine, 
071 behalf of Thomas Paine,) 

(c) “Eranee has a representative government; and as the 
unjust privileges of the clergy and nobility are abolished; as 
sue IS blessM with a most wise, clear, and simple code of laws ; 
as she IS almost free from debt, and emancipated from odious 
prejuffices, she is likely to prove an example and a light to the 

O’Connell, Spetch at a Meeting to Becover 

vaAhohe Eights.) 

(d) “ Those are our present prospects of success. Krst,raan 

IS elevated from slavery almost everywhere, and human nature 
to become more dignified, and, I may say, more valuable, 
elv ^ England wants our cordial support, and knows that 
e as on y to secede to us justice in order to obtain our 
affectionate assis^^^^^ Thirdly, this is the season of successful 
^tition, and the very fashion of the times entitles our petition 
* A Catholic cause is disencumbered of 

fiisa and interested speculators. Add to all these 

inherent strength of the principle of religious 
om and the inert and accumulating weight of our wealth 
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our religion and our numbers, and where is the sluggard that 
shall dare to doubt our approaohing success ^—(O’Connell, 

ibid,) 


CHAPTBES XXV.-X-XVL , 

1. Explain the general process of inductive reasoning, and de- 
scribe. its aim. 

2. Distinguish induction from deduction, and contrast popular 
with scientific induction, so as to bring out the chief defects of the 
former. . 

3. Discuss the part played by deductive inference in inductive 
enquiry. Are we justified in supposing that every inductive 
enquiry must contain some deductive element ? 

4. What is meant by describing induction as the inverse process 
of deduction? Compare this with other accounts of inductive 
reasoning. 

5. How would you express the Law of Causation ? Examine the 
definition of Cause as the invariable and unconditional antecedent. 

6. Define a Uniformity ; and explain how Uniformities can be 
classified. Give illustrations. 

What is meant by saying that “ Uniformity pervades Nature ” ? 

7. Inquire into the possibility of regarding the principle of the 
Uniformity of Nature as an induction from experience. 

^*If we ask what is involved in the conception of a cause not 
acting uniformly, we shall see that it is the same as denying the 
existence of causal connexions altogether.” Discuss this. 

8. What do you take to be the ultimate principle upon which 
inductive reasoning is based? What kind of justification would you 
offer for the principle in question ? 

Comment on the following : — “ The contrary of every matter of 
fact is still possible ; because it can never imply a contradiction. 
That the sun will not rise to-morrow is no less intelligible a pro- 
position, and implies no more contradiction, than the affirmation, 
that it will rise.” 

9. Wiiat different meanings do the logician and the psychologist 
respectively attach to the question, “ What is causal connexion ? ” 

10. Consider carefully whether the cause of the fall of a stone 


1 The extracts from speeches — (a) to (d)— are taken from Political 
ed. by William Clarke, 
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would be more correctly said to be {a) the earth, or {&) the force of 
gravitation, or (c) the previous process of raising the stone to the 
position from which it falls. 

11. Is it necessary that a cause, as Science understands the term, 
should be (ct) antecedent to its effect, (6) immediately antecedent? 
Discuss the view that one and the same effect may proceed from a 
number of alternative causes. 

12. What different kinds of conditions have to be considered 
when we speak of the cause of an event as the sum -total of the con- 
ditions upon %vhich the occurrence of the event depends? 

13. Define precisely what Science understands by the Cause of an 
event, and illustrate your definition by a typical example of causa- 
tion as determined by experiment. 

What is the relation of the scientific conception of Cause to the 
conception of Cause as the sura-total of the conditions on the occur- 
rence of which the event depends ? 

Can you account for the divergence between the soientific and 
popular views as to the Cause ? 

14. The Uniformity of Nature is the ultimate Major Premise 
in all Induction. (Mill. ) Explain and discuss this statement. 

I CHAPTEKS XXVII -XXyill. ' 

'' 1. To what extent do (a) unintentional inference and (5) selective 
interest enter into the process of scientific observation ? 

What precautions must be taken in observation and experiment 
to avoid error? 

2, How does Experiment differ from Observation ? Is the differ- 

j ence fundamental ? Show the dependence of Observation on pre- 

vious knowledge and in what sense it always involves inference. 

3. ‘‘Experiment is always preferable to observation.” Why is 
this ? Explain also from the example of any sciences how observa- 
tion and experiment supplement each other. 

; 4. Examine the relation or distinction between (a) Experiment 

; and (b) the use of Instruments of Observation. G-ive examples 

j showing the utility of each.- 

5. What is the logical character of the appeal to “the testimony 
of the senses”? Does this testimony really bear witness to the 
motion of the sun relatively to the earth ? 

6, Indicate the special errors to which observation and experi- 
ment are liable. Give illustrations. 
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7 TT^amine how far Logic can assist us in avoiding the fallaoiea 

f W^n ob ervSn and of Mal-observation. Distinguish these 

fillies from errors of observation, and explain how the latter can 

be eliminated by systematic experiment. ^ 

8. Discuss the place and importance of testimony in (a) his j , 
(6) physmal ^ a prisoner’s presence near tiie sceM 

prove the falsity of the latter assertion? ^^^thiness of 

10, What are the general tests of the tv 
testimroy . the statement that for the purposes ® ““ 

matter who wrote the book, nor 
written : read it for its elements of permanent value. How far 
oan the historian accept this attitude ? 

14 Examine oritically the following argument- 

“What a barrister calls his ‘case,’ his theory or explanation, is 

single and organic thing. It is a sfbry, U f 
1 4. Tf fftlft is false thm some other tale is true , erne we 

that other taie which is true we cannot tell how much of the firs 
that other^ That of it is false is a reason for digging deeper. 

*tutS of tt mly be false Whatever it was that tainted the 
/tJdlv tainted^ evidence may also taint the apparently un- 
S!fevi£nce. wfeannot tell till we know what the amt 
was. Until we know why Jones, Brown, ^ and Robinson lied we 

cannot be sure that Smith is telling the tenth. 

(G. K. Chesterton, in Datltf News, April 12, 1911.) 


CHARTERS XXIX.-XXX. 

1. It is said that all induction depends on hypothesis. How far 
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conscious process of scientific investigation. Show that a rejeoted 
hypothesis need not necessarily have heen fruitless, 

3. Exemplify various ways in which h3rpotheses are suggested, 
and explain why no rules can be given for their formation. 

4. Indicate clearly the nature and the place of hypothesis in sci- 
entific investigation. State and illustrate the conditions to which 
a legitimate hypothesis must conform. 

5. Distinguish between a working hypothesis and an established 
hypothesis, so as to bring out the conditions upon which the latter 
depends, '■ ’ 

6. A Hypothesis is sometimes defined as “a generalisation adopted 
on avowedly insufficient grounds.” Comment on this definition, 
and inquire whether any other meaning can be attached to the term 
Hypothesis. ■„ 

Why have Hypotheses (as above defined) any utility? 

7. Describe indtictio per enumerationem simpUcem, indicating its 
mode of origin and the process of thought that seems to be implied 
in it. ■ 

8. What is the nature of the argument from Analogy? How 
would it be expressed in syllogistic form ? Can it ever be regarded 
as conclusive? 

Show, with illustrations, the place of analogical reasoning in the 
process of scientific discovery. 

9. Define the true place of analogical reasoning in scientific ex- 
planation. How would you differentiate a sound from an unsound 
analogy? Give illustrations. 

10. What is the connexion between the argument from analogy 
and the process of enumerative induction ? 

11. What is the logical force of the following? — 

(а) ** During the reigns of the kings of Spain of the Austrian 
family, whenever they were at a loss in the Spanish councils, 
it was common for their statesmen to say that they ought to 
consult the genius of Philip the Second. The genius of Philip 
the Second might mislead them ; and the issue of their affairs 
showed that they had not chosen the most perfect standard. 
But, Sir, I am sure that I shall not be misled, when in a case 
of constitutional difficulty, I consult the genius of the English 
constitution.”— (Burke, On Conciliation with the American 
Colonies.) 

(б) England has a democratic franchise, therefor© India 
should have a democratic franchise too. 
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(c) “I have somewhere read, I think in Sir Walter Raleigh s 
History of the World, oi a most bloody and fatal battle which 
was fought by two opposite armies, in which almost all the 
combatants on both sides were killed, ‘because, ^ys the his- 
torian. ‘ though they had offensive weapons on both sides, they 
had none for defence.’ So, in this war of words, if we are to 
use only offensive weapons, if we are to mddge only m mvec- 
tive and abuse, the contest must be eternal. ~(Charies James 
Fox. On the French Overtures for Peace, FA. Srd, 18W.) 

(d) AH the great empires that have ever emsted have lost 
their position of eminence, hence no great empire m the future 
will maintain its supremacy. 


CHAPTERS XXXI.-XXXII. 

1. Describe the main preliminary processes or assumptions that 
have to be made before practically applying such methods of Induo- 
finti as liav6 1)6611 formulated, by Mill* . , t • 

2 What are the so-called Inductive Meth^s, and -^at is their 
us! 1 silain. with an illustration the Method of Jf^nce and 
contrast the principle upon which it proceeds with ttot of the 
Method of A^eement. What is the connexion between it and the 

Method of Concomitant Yariations ? , , r a ». » 

3 Examine and compare Mill’s “Method of Agreement, 

“ Method of Difference,” and “ Joint Method,” so as to show how 

are its defects, and its utility, in scientific discovery , 

S Fxulain precisely (with an illustration) the principle of the 
MekS M DiCneef contrasting it with that of the Method of 
SrSnent. What defects are there in the former and how can 

£in7onhl importance of the negative instance in the ex- 
perim^X! methods, and point out under what circumstances it 

ceases to be avaiM experiment one circumstance only 

shLSe varied at a time. Explain the reason of this maxim, and 
^int out the practical difficulties in carrying it out. 
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8. How does inductive enquiry deal witK the difficulties due 
(a) to counteracting influences, (6) to exceptional phenomena ? 

What does Science understand by an “exception to a law of 
, nature”? . 

9. ‘‘A perfect experiment establishes a law.” On wdiat grounds 
is this certainty of inference from experiment rested ? Point out 
the difficulties in the way of securing data of the kind reqriired. 

10. What is meant by the Plurality of Causes ? What difficulty 
in applying the methods of induction arises from the Plurality of 
Causes, and how far and in what way can the difficulty be met ? 

11. Explain, with examples, the Method of Concomitant Varia- 
tions, showing the presuppositions under which it can be applied, 
its logical character, and its relation to the Method of Difference. 

12. Explain the Method of Concomitant Variations, Give ex- ^ 

amples of cases where its application is especially profitable, and 

point out the limitations attaching to its use. 

13. What special kinds of reasoning are involved in the establish- 
ment of quantitative uniformities? (such as the formula which 
connects the volume with the temperature of a body, or that of 
gravitation according to the inverse square of the distance.) 

14. What do you consider to be the main function of the Method 
of Kesidues ? 

15. Examine the relation between the ‘direct’ and ‘indirect’ 
methods of inductive enquiry. 

16. How far are the direct methods of inductive enquiry correctly 
described as methods of elimination ? 

17. Why are social phenomena so difficult to treat scientifically ? 

What methods may be employed in treating them? 

.. 18. Describe the so-called “ Deductive Method,” and explain for | 
what kinds of subjects it needs to be used in contrast with the so- ^ 
called “ experimental methods.” 

19. “In worms the sense of smell apparently is confined to the 
perception of certain odours, and is feeble. They were quite in- 
different to my breath, as long as I breathed on them veiy gently. 

This VJ-as tried, because it appeared possible that they might thus 
be warned of the approach of an enemy. They exhibited the same 
, ^ „ indifference to my breath whilst I chewed some tobacco, and while 

‘ M a pellet of cotton-wool wuth a few drops of millefleurs perfume or 
of acetic acid was kept in my mouth. Pellets of cotton^wool soaked 
in tobacco juice, in millefleum perfume, and in paraffin, wore held 
with pincers and were waved about within two or three inches of 
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several worms, but they took no notice. On one or two occasions, 
bowever, wlien acetic acid had been placed on pellets, the worms 
appeared a little uneasy, and this was probably due to the irritation 
of their skins. The perception of such unnatural odours would be 
of no service to worms ; and as such timid creatures would almost 
certainly exhibit some signs of any new impression, we may conclude 
that they did not perceive these odours.”— (Darwin, JSarilmornw,) 

Analyse the above passage so as to bring out the inductive 
character of the process by which the conclusion is reached. 

20. ^‘ Wealth is greatly increased by the change from production 
on the small to production on a large scale, by the introduction of 
machinery and the division of labour. This holds equally if we 

^ compare a railway with a stage-coaoh, or a coach ’with a pack horse ; 

a cotton mill with a spinning-wheel, or a spinning-wheel with a 
distaff and spindle. Under every form, at every stage, and in 
every period, wealth has been increased by improved and extended 
co-operation between human beings. This complex co-operation of 
many-sided individual effort, then, appears as the main-spring of 
industrial progress. Where it is not we have stagnation— primitive 
barbarism ; where it is found, in whatever form or degree, there by 
one means and another industry is improved, and the material side 
of life made perfect.” 

Analyse the above example of inductive reasoning, point out 
what inductive method is employed, and consider whether the con- 
clusion is or is not completely established. 

21. Analyse logically the following passages, indicating the 
methods of reasoning employed, and estimating the logical validity 
of the conclusions drawn — 

(a) “The general rule among vertebrates, as regards colour, 
is for the two sexes to be alike. This prevails with only a few 
% exceptions, in fishes, reptiles, and mammalia; but in birds 

diversity of sexual colouring is exceedingly frequent, and is 
not improbably present in a greater or less degree in more 
than half of the known species. . . . The most fundamental 
charaoteristic of birds from our present point of view is a 
greater intensity of colour in the male. This is the case in 
hawks and falcons ; in many thrushes, warblers, and finches ; 
in pigeons, partridges, rails, plovers, and many others. . . . 
It is in tropical regions, where from a variety of causes colour 
has been developed to its fullest extent, that wo find the most 
remarkable examples of sexual divergence of colour. The most 
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gorgeously coloured birds known are the birds of paradise, 
the cliatterers, the tanagers, the hitmming birds, and the 
pheasant-tribe, including the peacocks. In all these the 
females are much less brilliant, and, in the great majority of 
cases, exceptionally plain and dull coloured birds. . . . The 
reason of this phenomenon [the dull colours of female birds] is 
not difficult to find, if we consider the essential conditions of 
a bird’s existence, and the most important function it has to 
fulfil. In order that the species may he continued, young 
birds must be produced, and the female birds have to sit 
assiduously on their eggs. While doing this they are exposed 
to observation and attack by the numerous devourex's of eggs 
and birds, and it is of vital importance that they should be 
protectively coloured in all those parts of the body which are 
exposed during incubation. To secure this end all the bright 
colours and showy ornaments which decorate the male have 
not been acquired by the female, who often remains clothed in 
the sober hues which were probably once common to the whole 
order to which she belongs. . . , This principle is strikingly 
illustrated by the existence of considerable numbers of birds in 
which both sexes are similarly and brilliantly coloured,— in 
some cases as brilliantly as the males of many of the groups 
above referred to. . . . When searching for some cause for 
this singular apparent exception to the rule of female protec- 
tive colouring, I came upon a fact which beautifully explains 
it ; for in all these cases, without exception, the species either 
nests in holes in the ground or in trees, or builds a domed or 
covered nest, so as completely to conceal the sitting-bird. . , , 
It has been objected that the domed nests of many birds are as 
conspicuous as the birds themselves would be, and would, 
therefore, be of no use as a protection to the birds and young. 
But, as a matter of fact, they do protect from attack, for 
hawks or crows do not pluck such nests to pieces, as in doing 
* so they would be exposed to the attack of the whole colony. 
. . . Such birds as jays, crows, magpies, hawks, and other birds 
of prey, have also been urged as an exception j but these are all 
aggressive birds, able to protect themselves, and thus do not 
need any special protection for their females during nidifica- 
*tion,” — (Wallace, Darwinism^ pp. 275-281.) 

reasoning with himself on the cause of the in- 
metals after calcination, argued as follows ; 
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*if til© increase in the weight of metals calcined in closed 
vessels is due, as Boyle had thought, to the addition of the 
matter of the flame and the fire whieli penetrate the pores of 
the glass and combine with the metals, then it follows that on 
introducing a known weight of metal into a glass vessel and 
sealing this hermetioally, determining the weight exactly and 
then proceeding to calcination by a charcoal fire-— just as Boyle 
had done—and then finally after calcination, before opening it, 
again weighing the same vessel, this weight must be found 
augmented by that of the whole quantity of fire matter which 
had been introduced during calcination. But if, said I to 
myself, the increase in the weight of the metal calx is not due 
to the addition of fire matter nor of any other extraneous 
matter, but to a fixation of a portion of the air contained in 
the vessel, the whole vessel after calcination must he no heavier 
than before and must merely be partially void of air, and the 
increase in the weight of the vessel will not occur until after 
the air required has entered.*” Two experiments were made 
with tin. In the first a small retort was used ; in the second a 
large retort. The same quantity of tin — 8 oz. — was used in 
each case. In both retorts a residue of tin remained after 
heating. The change of weight in the retort and its contents 
due to heating alone was (1) *27 grains, (2) 1 grain. The in- 
crease in weight of the tin on calcination was p) 3*12 grains, 
(2) 10 grains. The weight of air which took the place of that 
absorbed in calcination came out at (1) 3*13 grains, (2) 10*06 
grains. Lavoisier concluded that (1) *in a given volume of 
air only a fixed quantity of tin can be calcined.* (2) This 
quantity is greater in a large retort than in a small one. (3) 
The hermetically sealed retorts, weighed before and after the 
calcination of the tin contained in them, showed nodiflference 
of weight, 'which evidently proves that the increase in weight 
of the metal arises neither from the fire matter nor from any 
other matter extraneous to the vessel. — (Breund, qp. cit,^ 
pp. 47-49.) 

(c) Bentley rejected the Mpistles of Phcdaris as forgeries \ 
He proved that “ if the Epistles so belauded were true, Phalaris. 
had borrowed money from men who lived 300 years after his 
death, had destroyed towns that were not founded, and con- 
quered nations that had no names ; that he had overturned the 
chronology of Thucydides and Herodotus and proved their 
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liistories mere faWes : that he had transposed the events of his 
own day with those that happened long after he was dead: 
and finally that he had written in an Attic dialect which no 
man nsed daring his lifetime, and which bore no resemblance 
to that which he, a Dorian, could have used.’ —(Craik, Life of 

JoTtmthan SwiftiYoh L, P* 88*) 

{d) Wages are necessarily determined by the minimum that 
is absolutely necessary for the support of the labourer and his 
family. ... If we take this theory literally as meaning that 
the workman’s wages can never rise above what he absolutely 
requires to live on, it is much too pessimistic and is manifestly 
contrary to facts. The purely material wants of life are, on 
the whole, of relatively little consequence. Irish and French 
peasants find it possible to live on next to nothing. If, then, 
the indispensable minimum for the bare support of life consti- 
tuted an ‘iron law of wages,’ innumerable common-j)laoe facts 
would be inexplicable. Why is the rate of wages not the same 
in all trades ? Must an engraver or a skilled nieehanio consume 
more food-stuff's, more nitrogen and carbon, than a stone- 
breaker or a street-cleaner ? Why, moreover, are wages higher 
in the United Btates than in France, Germany, or England ? 
Is there any physiological reason why an American should eat 
more than an Englishman, — despite the fact both of them 
belong to the same race ? Why are wages higher to-day than 
a century ago, — a fact which is beyond all question? Have we 
greater appetites than our forefathers? Again, why are the 
wages of farm labourers lower in winter, when they are obliged 
to spend more for heating and clothing, than in summer, when 
food is so cheap and life in the country is so easy that Victor 
Hugo calls this the ‘poor man’s season’?” — (Gide, Principles 
of Political Economy j Eng. Trans., pp. 502-503.) 

{e) ^11 acids contain oxygen. On this assumption the com- 
bination of ammonia, which does not contain oxygen, with 
hydrochloric acid would give as one of its products water 
which does contain oxygen. Hence the oxygen would have 
been present previously in the hydrochloric acid. But when 
the experiment of combining the two substances was made in 
1812 it was found that no more than a slight dew was formed 
which was sufficiently accounted for by unavoidable imper- 
fections in carrying out the experiment. Therefore hydro- 
ohlorio acid does not contain oxygen, and the initial assumption 
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is di8proved.-(Cf. WhweU, iftoory o/ the Inductive Scieneo, 

^f/^FarSlay invented an instrument to measure the amount 
of eleotrolytioal action when substances are decomposed by 
means of electricity. “In this instrument, the^ amount of 
action was measured by the quantity of wate decomposed : 
and it was necessary in order to give validity to the memuration, 
to show (as Faraday did show) that neither (ie size of the , 
electrodes, nor the intensity of the current, nor the strength of 
the acid solution which acted on the plates of the pile, distmbed 
the accuracy of tUs measure. Ho proved, by ex^rimente on 
a utmt rariety of substances, of tbo most different kinds, thafe 
tbe electro-chemical action is definite in amount according to 
the measurement of the new instrument.”-(Whewell, op. c4., 

Vol. III., pp. 144-145.) . . . . „ .... 

( 9 ) It was at one time “a current opinion in science that 
the smallest bubble of oxygen or of air which might come in 
contact with a preserve would be sufficient to start its decom- 
position.” To this it was objected : ‘“How can the germs of 
microscopic organisms be so numerous that even the smallest 
bubble of air contains germs capable of developing themselves 
in every organic infusion ? K such were the ease the air would 
be encumbered with organic germs.’ M.|Po^et wd' and 
wrote that they would form a thick fog, as dense as *ron. 
Was the assumption true ? Pasteur prepared a series of bulbs 
half-filled in each case with a liquid which would vmy r^ny 
show the appearance of microscopic organisms, ^e liqmd 
was boiled, the air expelled, the bulbs seaM. When the 
sealed end of a bulb was broken off, air was immediately ^- 
mitted, and the bulb could then be sealed up again. Under 
these circumstances a change in the liquid could be readi y 
observed. Pasteur showed that in every place where the ex- 
periment was carried out a certain number of bmbs would 
escape alteration, if, however, a room were dusted or swept 
the liquid in all the bulbs to whioh the air was then atoitted 
became altered owing to the great quantity of germs raised and 
remaining suspended in the air. In towns most of the bulbs 
showed alteration. Of twenty opened in the comtry far from 
all habitations and then sealed again, eight contained orgamsec 
productions : of twenty opened on the heights of the dura, five 
only were altered : of twenty opened at a much greater altitude 
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m the vicinity of a glacier from which a strong wind wag 
blowing, one alone was altered. Pasteur’s conclusions were as 
follows : “More thickly spread in towns than in the country, 
the germs become fewer in proportion as they recede from 
human habitations. Mountains have fewer than plains, and at 
a certain height they are very rare.”— (From Louis Pasteur ^ hj 
his Son-in-Law, Eng. Trans., pp, 105-107.) 

(A) “When those who were in the secret had decided on the 
time and place of the poisoning, Sejanus, with the most con- 
summate daring, reversed his plan, and, whispering an accu- 
sation against Driisus of intending to poison his father, warned 
Tiberius to avoid the first draught offered him as he was dining 
at his son’s house. Thus deceived, the old emperor, on sitting 
down to the banq^uet, took the cup and handed it to Drusus, 
His suspicions were increased when Drusus, in perfect uncon- 
sciousness, drank it off with youthful eagerness, apparently, out 
of fear and shame, bringing on himself the death which he had 
plotted against his father. — ^These popular rumours,* over and 
above the fact that they are not vouched for by any good writer, 
may be instantly refuted For who, with moderate prudence, 
far less Tiberius with his great experience, would have thrust 
destruction on a son, without even hearing him, with his own 
hand too, and with an impossibility of returning to better 
thoughts. Surely he would rather have had the slave who 
handed the poison, tortured, have sought to discover the 
traitor, in short would have been as hesitating and tardy in 
the case of an only son hitherto unconvicted of any crime, as 
he was naturally even with strangers. But as Sejanus had the 
credit of contriving every sort of wickedness, the fact that he 
was the emperor’s special favourite, and that both were hated 
by the rest of the world, procured belief for any monstrous 
fiction, and rumour too always has a dreadful side in regard to 
! the deaths of men in power. Besides the whole process of the 

crime was betrayed by Apieata, Sejanus’s wife, and fully di- 
vulged, under torture, by Eudemus and Lygdus. No writer 
has been found sufficiently malignant to fix the guilt on Tiberius, 
though every circumstanoe was scrutinised and exaggerated.” 

I : — (Tacitus, AnnaleSy Bk. iv., 10, 11. Trans, by Church and 

Brodribb, p. 118.) 



■ OHAPTIBS: xxxni-xxxiy, 

1. If a logician holds tliafc no result of induction is absolutely 
certain, can he consistently still distinguish between inductive and 
probable reasoning ? 

2. “Calculations of probability in general do not express what 
will actually occur in the future, but only the degree of subjective 
coniidence which we repose in their occurrence.” Discuss this. 

3. A bag contains three balls, each of which is known to be red, 
white, or blue. What is the chance of all three being white? 
Give reasons for your answer. 

4. Discuss ; “ Ih’obability after the event is based on exactly tiio 
same principles, and is formal ly the same process of reasoning as 
probability before the event.” 

5. Suppose that two witnesses, the probability of whose accuracy 
is 3 and " respeotively, agree in affirming the oocurrence of an 
event wliich, in itself, is as likely to have happened as not to have 
happened — i.e. wliose antecedent probability is I — what is the 
probability that the event really did happen? 

6. In what ’ways can errors in measurement be best allowed for? 

7. Explain and exemplify the Methods of Means and of Least 
" .'{Squares... ■■ 

8. What is meant by a scientific explanation? In what way can 
we explain (1) facts, (2) laws of nature? 

9. How far is it true to say that explanation is the ideal of 
science? 

10. Discuss the connexion between the scientific explanation of a 
phenomenon and the assignment of its cause. 

11. “ The object of science is explanation.” 

“ Science never explains ; she only reduces com|)lex events to 
simple ones of the same kind, as when she deals with certain 
phenomena of magnetism by supposing every ultimate atom of the 
substance to act as if it were a magnet.” 

Carefully consider these statements. 

12. Bring out the logical peculiarities of mathematical reasoning, 
and enquire whether it is radically diatinct from other forms of 
scientific reasoning. 

13. What is tiie function of statistics in scientific investigation ? 

14. What is a law of nature, and what is its dififereno© from au 
empirical law ? Explain the use for science of Uio discovery of 
empirical laws. 
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15. In what different ways may a uniformity, based upon a more 
or less satisfactory induction, be confirmed by deductive explana- 
tion? Under what circumstances has a wider uniformity a greater 
certainty than a narrower uniformity ? 

16. Indicate carefully the meaning of the term ‘ law’ as 
employed in natm’al science. Distinguish between empirical laws, 
laws of nature, and ultimate laws. 

“ A truly universal law is not demonstrable truth.” Discuss this. 

17. Define the terms Fact, Theory, Hypothesis, Law, Cause, as 
used in Science. 

In the light of your definitions, comment on the following state- 
ment; “What is called the scientific explanation of a fact is 
nothing more than showing it to be a case of a more general fact, 
which though more general, is still a fact merely.” 


MISCELLANEOUS QUESTIONS 

1. Define Judgment, Proposition, Term, Concept j and illustrate 
from a logical point of view, the process of forming a concept. 

Is every general term the name of a class ? Give your reasons. 

2. Write a brief logical comment, with illustration, on each of 
the following— Circular Definition,” “ Proving too much,” “ See- 
ing is believing,” “ The exception proves the rule.” 

3. Define the following logical terms: — ^Undistributed Middle; 
Hypothetical Syllogism ; Simple Destructive Dilemma j Enthymeme. 
Give an example of each. 

4. Explain, with illustrations, the meaning of the following- 
relative terms, cross-division, a redundant definition, a prosyllo- 
gistio train of reasoning, a genetic definition, an argum$ntum ad 
hominem, 

5. Indicate, with examples, the meaning of the following terms 
in Logic : — (i) Fundamentum divisionis j (ii) Strengthened syllogisms 
and Weakened syllogisms ; (iii) Reduction per impossible ; (iv) Uni- 
verse of Discourse ; (v) Quantification of the Predicate. 

6. Define the following technical expressions, and illustrate in 
, . ^ each case by an example — ^Inseparable Accident, Argument d 

‘ fortiori. Sorites, Ignoratio elenchi, 

7. Explain and illustrate the following Fallacies — Peiitio Frin^ 
cipU, A dicto secundum quid ad dictum simpliciter (and the con- 
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8. Write brief notes on, and illustrate, each of the following—* 
‘Pro%'ing tx )0 miieh’; ‘fallacy of Many Questions’; ‘Definition 

by type’; ‘Crucial Experiment.’ 

9 To what kinds of fallacy is Inductive Reasoning most liable ? 

10 Comment on the following : “ All so-called material faUacies 
are in reality either formal, or not fallacies at all, but mere mistakes 

in regard to matters of fact.’* 

11. Explain, with examples, the following-A gratuitous hypo- 
thesis, colligation of facts, immaterial conditions of a phenomenon, 
predisposing and exciting causes, residual phenomenon. 

12. Explain and discuss briefly the followhig— (i) mathematical 
induction, (ii) ‘perfect’ induetion, (iii) mechanical and chemical 

composition of causes, (iv) empirical laws. 

13. Write a short explanatory comment on (i) Intermixture of 
Effects, (ii) Vera causa, (iii) Coincidence as distinguished from a 

real connection of facts, (iv) jVo?i ^ . 

14. Explain, with examples, the following— A crucial expeii- 
ment, an adequate hypothesis, an empirical law, the composition 
of causes, the fallacy of mal-observation. 

15. Make a logical analysis of the following— 

“The catastrophe in Ireland fitted in with the governing moods 
of the hour, and we know only too well how simple and summary 
are the syllogisms of a rooted distrust. Ireland was papist, and 
this was a papist rising. The queen was a papist, surrounded at 
Somerset House by the same black brood as those prints of Baal 
who on the other side of St. George’s Channel were deseribed as 
standing by while their barbarous flock slew old men and women 
wholesale and in cold blood, dashed out the brains of infants 
against the walls in sight of their wretched parents, ran their 
skeans like Bed Indians into the flesh of little children, and flung 
helpless Protestants by scores at a time over the bridge at 
Po^down. Such was the reasoning, and the damning oonolnsion 
was clear. Tliis was the queen’s rebellion, and the king must be 
her accomplice. Sir Phelim O’Neil, the first leader of the Ulster 
rebellion, declared that he held a commission from 
and the story took quick root. It is now manifest that Charles was 
at least as much dismayed as any of his subjects, yet for the rest of 
his life he could never wipe out the fatal theory of his guilt. - 

(John Morley, Oliver Cfrojniseii, p. 108.) 
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in immediate inference, 156- 

169 

in judgment, 120-124 

in method, 199-212 

nature of, 58-69 

— ‘ non propter hoc ’ or non se- 
quitur,’ 210-212 

of definition, 68-70 

■ of explanation, 494-498 

of generalisation, 494-498 

of observation, 386-343 

‘ Petitio priucipii,’ 199-205 

‘ Plures interrogationes,’ 156- 

167 

undistributed middle, 226-226 ; 

' . 293 


Faraday : experiments on electrical 
conduction, 366 

experiments on source of power 

in voltaic pile, 426-427 
‘Festino/ 244-246 


‘ Pigura dictionis,’ 64-65 
Figure : definition of, 233 

distinctions of, 233-234 

in pure disjunctiYe syllogism, 

249 

in pure hypothetical syllogism, 

247-249 

special rules of, 234-235 

First Figure : special rules of, 234 
Formal Logic, 6-7 
Foucault : experiment on velocity of 
light, 446 

Four-fold scheme of propositions, 
102-103 

Fourth Figure : special rules of, 235 
Folder : on fallacies of observation, 
338 

on undue respect for authority, 

495 

Fresnel ; experiments on light, 442 ; 
443; 446 

‘ Fundamentuin divisionis,’ 71 

relationis,’ 38 

Fungus on beech-tree, 388 


Qeilde : example of method in geo- 
logy, 410-412 

General; classification, 83 ; 86-91 

propositions, 100*101 

terms, 23-26 

Generalisation : 477'491 

and explanation, 477 ; 480-481 

bases of, 303 

empirical, 480 ; 481-485 

error in, 479-480 ; 486 

fallacies of, 494-498 

in mathematics, 486-490 

nature of, 477 -479 ; 480-431 

of fact, 477 

of law, 477 

Generic judgment, 101 ^ lOO-lOi 
Genetic definition, 66-57 
‘ Genus,’ 39 ; 40 

Geology : method in, 410-412 ^ ^ 

Glacial actiomtransport of ‘ erratics, 
410-412 

Goclenian sorites, 280; 281-282; 
283-284 

‘Government’ : ambiguity of, 62 
Grammar : relation to logic, 12 
Graphical representation of varia- 
tions, 402 
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Gravitation : establislimeiit of theory | 
of, 409-410 . ! 

Green: on iiecessaiy truths, 490 _ 
on uniformity of nature, dOb-oOb 

Henry YIIi. and the parliament of 
1529, 4S5440 ■ '' 

Hersdid: on fallacies of observa- 
tion, 342'343 

on fusion of marhle, 365-306 

— -on quantitative statement of 
laws, 448 ^ 

- — on theories of light, 367*368 
Hibhen : example of limitation of 
concomitant variations, 403 
History ; method in, 191-198 ; 412- 

414 ‘ 

MMome: on chlorophyll, 387 
— - on circumstantial evidence, 414- 
4iry 

- — on iiidden causes, 408 

on ideal and actual knowledge, 

493 

- — on permanent facts in nature, 
390 

Ifiiyqens : and theory of light, 441- 
442 

‘Hypotheses non fingo,’f59 
Hyiiothesis ; agreement with tact, 

and analogy, 309 

conditions of establishment of, 

382 

conditions of validity, 361*364 

definition of , 302 

—— descriptive, 360 ooo ia- 
- — - direct development oi, dod* w/ 

- establishment of, 382*416 

extension of, 364*306 

function of, 354-355 

— ~ inception of, 309-381 

- — indirect establishment oi, 46/ - 

415 

kinds of, 3G0-361 

meaning of, 354-355 

nature of, 354-36S 

nrigiu of, 355-358 

suggestion of, 355*353 

testing of, 359 

- working, 301 

1 hi )ut hetical : propositions, 

- syllogism { mixed), 21 / *-18 , 

257-261 


’er^prateron,’ 

Identitfs^^i^ple 
‘ Ignoratio'^el^^ 

Illative conveBU.*, 

Illicit process, 226-22/ ; 293 
Illusion, 323; 342-843 _ 

Immediate Inference : and laws or 
thought, 16 ; 17 . 

— kinds of, 126*127 

nature of, 125-126 

‘ Imperfect Induction/ 298 
Import of categorical propositions, 
113-116 

Incompatibility of terms, dd-do 
Indesignate propositions, 

Indirect method of mduction, dOl j 
407-416 

reduction, 254*256 

Individual tomis, 20-23 
Induction : and analysis^ 299-300 

and explanation, 476 ^ 

Aristotle’s doctrine, 29/ ’298 ^ 

assumptions uiidcrly’mgj LdO- 

297 

basis and aim, 295*300 

beginnings of, 369 

— enumerative, 297*299 ; 370‘d/ 1 

examples of, 416* HG 

- — imperfect, 298 ^ 

meaning of, 176 

method of, 300-302 

nature of, 295-302 

perfect, 298 

postulates of, 303-321 

relation to deduction, 1/ o-I/ i ; 

295 ; 301-302 

Inductive inference ; nature ol , dUO- 
302 

Inference : and system, 1 80-182 

as characteristic ot method, 

175-179 

definition of, 126 

formal factor in, 379 ^ _ 

— — ‘ from known to unknown, 1 v / - 
178 . 

Immediate, 126* b *9 

iii observation, 321-825 

material factor in, 179 

— - nature of, 177*1?9 
personal factor in, 182 


Inference : relation )f indnction and 
* deduction , 176*177; 295; 

301-302^ 

—— nniveTsals in, 178‘l/9 
‘ Indma species,’ 40 , _ 

* Inseparable accidens, 42*43 
Intension, 33 
Inverse, 162 

Inversion : fallacies in, 169 

of propositions, 162*163 ; 164 ; 

166 

Invertend, 153 


Jevoris: on accuracy m measure- 
ment j 449; 460; 451 

— on bias in observation, 328 

on colours of mother-of-pearl, 

387 

on ether, 363 

- — on fallacies of observation, 339 

on hypotheses and inference, 

363 

— -- on natural experiment, 331 

-- on negative experiment, 334 

on theories of light, 367 

oil working hypotheses, 361 

;joint Method, 391*393 

Joseph : on origin of mathematical 
principles, 488 ^ 

Judgment : generic, 101 ; 106*107 
— - impersonal, 97 
— — nature of, 96*99 ; 104-107 ; 109- 
110; 113-116 

- — - unity of, 99 (see Fropositions) 


Kepler : discovery of laws of plane- 
tary motion, 368 

scientific caution of, 359 

Knowledge ; and error, 6 

and explanation, 3-6 

and language, 1 

and separate sciences, 4 

general mcthodpf,„160-183 

- imperfectipa"^Jr¥%-^J>v 

- nature plp<5 
postu^s 0^ 13-18 ; 


Zamh : of pun, 63 

Langimgl v i^biguities of, 1 3i 
‘ Law ’ aML^ikory,’ 382 / 
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Laws of TIionght : and immediate 
inference, 16 ; 17 

general character of, 13*14 

relation to contradiction. 

131 

relation to contrariety, 132 

relation to mixed disjunc- 
tive syllogism, 266 
■ relation to mixed hypo- 

thetical syllogism, 268 
“ — relation to subalternation, 

129 

relation to sub-contrariety, 

134 

relation to syllogism, 219- 

220 ; 221 

Laws, quantitative : nature of, 44S- 
461 

Least squares : method of, 472-473 
Leibniz : on value of syllogism, 293 
— — principle of sufficient reason, 17 
Lewis • on disregard of counteract- 
ing causes, 496 

on interaction of cause and 

effect, 497-498 
Liard! on habit, 806 
Light: corpuscular theory of, 867- 
368; 440-446 
velocity of, 406*407 

— wave theory of, 367*368; 440- 

446 

* Litigiosus,’ 274-275 

Locke: on care in generalisation, 
173*174 

Logic : definition of, 9 
- ' — function of, 6-9 
general relation to other know- 
ledge, 9-12 

material or applied, 7-9 

— of relatives, 291-293 
origin of, 6-9 

— pure or formal, 6*7 

relation to grammar, 12 

relation to psychology, 11*12 

• value of, 7 ; 9-11 


Mace: on decline of American 
Confederation, 413 
Mach: on unity of nature, 309-310 
Mackenzie: on fallacies in Mill’s 
TJtiliiorianism, 64; 68*69 

on false analogy in Plato, 378 

on simple observation, 327 
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Magnetic storms : periodical varia- 
tion otji „ am 

Magnitude : determination of, 4bJ- 

473 

Maior promise, 315 
— term, 215-217 

Mal-observatioii, 341-3‘i3^ 

Malus: relation of polarization ami 
reflection, 357 . „ 

Matliematics ; logical nature oi, 
486-490 

method in, 164*166; 133-189 

Matter : indestructibility oi, 320 
Means : method of, 469*472 , 

Measurement: and concomitaiiti 

variations, 401 ^ 

elimination of error m , ‘15 1 -4o J ; 

469473 

— importance of, 4‘Jjr4^18 . i-o 

— limitations of accuracy, 44b-4oJ 

— methods of, 469-473 
— ^ — > nature of, 4' 17-453 

‘ Memhra dividentia,' 71 ^ 

Memory ; untrustworthmess of, ol9- 

Mef^ • on advance in matliematics, 

185 , . . 

. ^ on atoms as descriptive iiy- 

potheses, 360 

on value of corpuscular theory, 

Metaphors ; fallacies due to, 378-381 
Method: analysis and synthesis, 

161-171 _ 

— and facts, 172" 173 
and inference, 177*1/9 

- and system, 180-182 

~~ — applications of, l&s 
fallacies in, 199-21J 
„„_ iBferentiaI nature of, 1 / 0 * 1 / ‘9 
-—--in history, 1^*1^^^, 

in mathematics, 183-189 
— in natol science, 190'191 

la physical science, 1 o9-1jo 

_ — nature of, 160-161 

of induction, 300-303 

of knowledge, 160-183 

rules of , 17M74 

Methods of enquiry (direct) : Agree- 
ment, 38 (j-39I. 

— character of, 383-3t^ ^ 

, Concomitant Yariations, 

399-404 

: I5|j|0reiice, 393-399 . 


Methods of enquiry (direct) : Exclu- 
sions, 391"393 

— - — limitations of, 384-386 ; 
407-408 

Eesidues, 404-407 

— ~ — — symbolism of, 384-385 
- — — — (indirect), 407-415 
Middle term, 215*217 
— — ------- undistributed, 293 

Mill- fallacies in Utilitarianism, 


34; 68 . 

- - methods of direct enquiry, 3b3 

{see Methods) 

— on amhiguous terms. 62 

^on fallacies of observation, 

336; 337; 341; 342 

- on first law of motion, 403-10 1 

on inference from particulars, 

286; 287 

— - on order of nature, 305 

on resemblances in analogy, 

375 

on uniformity of nature, 308 

on validity of syllogism, 288 
Minor premise, 216 

term, 216-217 

Mixed syllogisms, 257-3/5 {see 
Sj/Uogism) 

Mnemonic lines, 239 

: explanateon of, 251*252 

‘ Modus ponens,* 260-264 

toUens,» 260-264 ^ 

‘ Money\: amhiguity of 63 
Moods; determination or, 

— examples of valid, 240-242^ 

in pure disjunctive syllogism, 

249 

- — - in pure hypothetical syllogism, 
247-249 

— names of, 239 ^ . 

of mixed disjunctive syllogism, 

266-268 . ■ . 

—— of mixed hypothetical syllogism, 
268-264 

- - proving A, 236 

- -- proving B, 236 

- - - proving X, 236-237 

proving O, 237*238 

‘ Mother-of-pearl’ ; colours of, 387 

Kamo: and terms, 19 
Natural ; classification, c5-oO 
— - iLida, 85 ■ , 
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‘Natui'd’ : ambiguity of, 62j63 
Necessary truth defined, 4S5 
Negative evidence ; care in accept- 
ing, 339-340 
- — premises, 227-229 
Neptune: discovery of, 357; 406; 
407 

]Sfeivt07i : and theory of ligdit, 442 

scientific caution of, 359 

Nomenclature : scientific, 92-94 
Nominal definition, 54-66 
Non-observation: fallacies of, 336- 
341 

‘ Non propter hoc ’ or ‘ non seqnitur,’ 
210-212 


Observation ; and method of agree- 
ment, 389 

and scientific instruments, 328- 

329 

basis of science in, 322-323 

bias in, 327-328; 337-338 

- ■ — by experiment, 329-333 

fallacies of, 336-343 

inferential nature of, 324-325 

— — influence of knowledge in, 326- 
327 

liability to error, 323-324 

selection in, 325-327 

Obverse, 142 

Obversiou : of iiropositions, 142-144 ; 
154; 155 

Obverted Contraposition, 160 

Conversion, 149 

Obvertend, 142 

Olszewski t experiments on argon, 433 

Opposite terms, 35 

Opposition : contradictory, 131-132 

contrary, 132-133 

defiinition of, 126-127 ; 128 

fallacies in, 166-157 

of categorical propositions, 128- 

136 

of disjunctive proposi tions, 137- 

138 

of hypothetic 

136-137 


square of, 

subaltern,/ 

sub-coiitr^' 

summary j: 

Ostensive redu|i 


2 ^ 30 ' 

iety,/133-134 

■ "“'' 1-136 


Parliament of 1629 : Henry Till, 
and, 435-440 

Particular premises : arguments in- 
volving, 230-231 

propositions, 97 ; 101-102 

Pasteur : experiments on spon- 
taneous generation, 335-336 : 
^396-397 

investigations in silkworm dis- 
ease, 420-425 

the silkworm disease, 390-391 

‘ Petitio principii,’ 199-206 

; and syllogism, 287-291 

‘ Petitio qnaesiti,’ 200 
‘ Phlogiston,’ 327 
Physical partition, 74 
— — sciences : certainty in, 489-490 
Plato: false analogy in, 378 

use of term ‘nature,’ 63 

Plurality of causes, 319-320 ; 386- 
386; 389-390; 392 
‘ Plures iiiterrogationes,’ 166-157 
Poincare ; on mathematics, 185: 
188 

Pollard : on parliament of 1529, 
436-440 

Polylemma, 269 

Porphyry: scheme of predicables, 
39-40 

— — tree of, 43 
Positive terms, 33-34 
‘ Post hoc, ergo propter hoc,’ 495 
Postulates : of deductive inference, 
219-232 

of induction, 303-321 

Poucliet : experiments on spon- 
taneous generation, 335 ; 396-397 
Powell, Baden : on monk and suu- 
spotvS, 199 

Predicables : definition of, ,39 
— — general remarks on, 44 

Porphyry’s scheme of, 39-40 

Predicate, 19 ; 98-99 
Predication : class-inclusion view of, 
114-116 

meaning of, 113 

— — predicative view of, 113-114 
Prejudice and observation, 327-328 j 
337-338 

and testimony, 348-34-9 
smises, 214-217 
iciples : of definition, 50*64 
of logical division, 76-78 
■arive terms, 35 
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Probability: of. 

iiiaepenaence of tima,. 450-.fo/ 

of altornative conditions, 4bl- 

of compound events, ^8-4(U 

of couj unction of inaependeuti 

events, 459-461 

of dependent events, 461-4()d 

^ of indeterminate events, 4oo- 

4t54 

— of recurrence, 467-46 J 

— of simple events, 458 , 
Progressive cliains of reasoning, J/o- 

: .279 ; 280-284 

Froiier names, 21-22 ^ 

Propositions ; analysis or, la 
— — analytic or verlial, 44-45 
definition of, 96 
... — kinds of, 96 
quality of, 97 

— quantity of, 97 

syntlietic or real, 4445 _ 

— - categorical axialysis or, 

contradiction ot, 16*1/ ; 

131-132 

- contraposition of, 149-152 

- contrariety of, 1^2-133 

- conversion of, 144-149 

- definition of, 97 

- distribution of ter» 
103-104 

- eductions of, 139- 163 
-four-fold scheme of, 

103 


102 - 


— • import of, 113-116 

mdesipnate 102 

inversion of, lo^-lo3 

misinterpretation ot, 121' 

123 

nature of, 97-98 

ohversion of, 142-144^ 

opposition of, 128-136 

— .. particular, 101-102 

quality of, 99-100 

quantity of, lOlMOS 

singular, 100-101 

suhalteniaiion ot, ^^9'130 

Buh-contraricty of, 133-134 

universal, 10(j . 

- disjunctive : deliintion of, 109 

eductions of, 155 ^ 

_ - interpretation oi, 109* uo 

mismterprotation of, 124 

nature of, 109*110 


Propositions, disjunctive : opposi- 
tion of, 137-138 

— quality of, 111-112 

quantity of, 112 ^ 

relation to categorical, 1 I I 

—relation to’ hypothetical, 

110-111 .. ^ 

hypothetical : definition ot, 104 

eductions of, 154 

— misinterpretation of, Iwo 

— nature of, 104-107 

. — —- opposition of, 136-137 
quality of, 108 , 

— — - quantity of, 108-109 

— relation to categorical , 11)7- 

108 . . - 

relation to generic 3«dg- 

meat, 106-107 

* Froprium,’ 39j 41-42 
Prosyllogism, 278 ^ 

Frosyllogistic chains of reasoning, 

279 ; 284-286 

* Froximum genus,' 40 , 

Psychology: relation to logic, 
‘Publish’ : ambiguity of, 61 
Puns ; as fallacies, 63 

Quality : definition of, 97 
- — “ of ciategorical propositions, t-rU* 

of disjunctive propositions, 1.1 L- 

112 

— of hypothetical propositions, 108 

Quantitative determination, 447-473 
Quantity : definition of, 97 

of categorical propositions, 160- 

102 .. 

of disjunctive propositions, 112 

of hypothetical propositions, 

108-109 . 

QiKitrefages : on silkworm disease, 
421^ , 

Mahier : on bias in observation, 323 
— on experiment, 332 

probability of testimony, 
‘ 350-351 

Ikimfidy 1 experiments on argon, 

■ ■■ 427-435 

Bayieiqh ; experiment on argon, 
427435 
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Bead ; on causation and classifica- 
tion, 92 

Eeal definition, 64-66 

propositions, 4445 

Ilebutting a dilemma, 273*276 
‘ Beductio ad absurdam,’ 264-2oq 
‘ Beductio per impossibile, 211 j 
254-255 

Eeduction : direct, 252-354 
— — - function of, 250 

kinds of, 253-255 

indirect, 254-256 

— — mnemonics for, 251-253 

of mixed disjunctive syllogism, 

267 

-- — of pure liypotlietical syllo^sm, 
256 

ostensive, 252-264 

Begressive chains of reasoning, 279 ; 
284-286 . 

Belative terms, 37-38 
Belatives : logic of, 291-293 
Besidual phenomena, 367-368 
Besidues : method of, 404-407 ; 437 
Busier ; determination of velocity 
of light, 406-407 

Bose, BE: on historical sequence, 
196 

Rousseau : use of term ‘ nature,’ 63 
Buies of pure syllogism ; derivation 
of, 221-222 

- — examination of, 223-229 

corollaries from, 229-231 

Buies of method, 171-174 
Buinford, Count : heat and energy, 
326 

Bussell, B, : on modern mathe- 
matics, 186 ; 188 
— on numbers, 185 

Science ; basis of, 322-323 

meaning of, 160 

Scientific classification, 86-91 

instruments, 328-329 

method, 189-198 

■ nomenclature, 92-94 

terminology, 94 

, , Second Figure : special rules of, 234 
1 Selection of matter in observation, 
’ 326-327 

* Separable accidens,’ 42-43 
Bidgwich ; on resemblance® in ana- 
logy, 375 


Bidgioich : on seeking for a defini- 
tion, 47 

Bigioart : on statistical uniformities, 
485 

on uniformity of nature, 306 

Silence : argument from, 363 
Silkworm disease, 420-425 
Sincerity in testimony, 346-347 
Singular propositions, 100-101 

terms, 20-23 

Smollett: false analogy in, 378 
Social phenomena : method in study 
of, 409 

‘ Some ’ : ambiguity of, 70 

meaning of, 101-103 

Sorites : Aristotelian, 280-283 

definition of, 280 

Goclenian, 280; 281-282; 283- 

284 

kinds of, 280-282 

rules of j 283-284 

Special classification, 82 ; 83-86 
‘ Species,’ 39; 40 

Spencer, H. •* fallacies in JEduca- 
tion, 69 ; 204 ; 210 
Spontaneous generation, 335-336 ; 
396-397 

Square of opi)ositiqn, 134-136 ^ 
Statistical uniformities, 483-485 ^ 
Statistics ; an aid to explanation, 
486 . . , 

Stoch : definition of privative terms, 
35 

Strengthened syllogisms, 239 
‘ Subaltern,’ 129 
‘ Suhalternans,’ 129 
‘ Suhalternant,’ 129 
‘ Suhalternate,’ 129 
Subalternation, 129-130 
Sub-contrariety, 133-134 
Sub-division, 72 
Subject, 19 ; 98-99 
Sufficient Beason ; principle of, 17*18 
Suicides : constant ratio of, 483;"t8ii 
Sully : on illusion in observation, 
323 

‘ Summum genus,’ 40 
Sun-spots : periodical variation of, 
404 

Syllogism : basis of, 219-220 

chains of reasoning, 277-285 

definition of, 213 

dilemmas, 2G8-276 (see Dilem- 
mas) 
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Syllogism : elements of , 2H-217 
enthymemes, 2/6-277 {see En'- 
thymemes) , 

— - epicheiremas, 284-28o {see 

E'picheiremcis) 

_ fallacies in, 225-227 ; 293-294 , 

- — - formal nature of, 179 
_ form of , 213-214 ^ 

- — functions of, 286-293 
— kinds of , 217-218 

matter of, 213 ; 214 

— — nature of, 213-218 
— —premises of, ^214*217 

relation to induction, 175*1// ; 

295; 301-302 

sorites, 280-284 (see Sonfes) 

—— categorical: axioms^^^^^^ 220-221 

: — canons of, 221-231 

' — figures of, 233*235 

moods of, 236-238 

reduction of, 250-265 

representation by dia- 
grams, 242-246 

rules of, 221-231 

- strengthened, 239 

weakened, 239 , 

disiunctivo (mixed) : basis ol, 

266 

— canon of, 966^^^' 

— — examples of, 267*268 

forms of, 266-267 

- — reduction of, 267 

(pure) : figures and moods 

of, 249 
rules of, 


— rules or, 16^ . * 

hypothetical (mixed) : basis or, 

258 

— canon of, 269 

character of, 267 

examples of, 262-264 

moods of , 258-262 

(pure) : figures and moods 
of, 247-249 ^ 

— reduction of, 256 

^ — rules of, 231-232 , . „ 

Syllogistic reasoning : chains of, 
^ ^ 277-286 

limitations of, 291-293; 29 d 

'' ' ' ■— universal element in, 2c6- 
287 

validity of , 287-291 


vaiiamy or, 

Symbols in mathematics, W*l»» 

I. D. 


Synthesis : in Mathematics, 164-166 ; 

186-187 . . 

— — logical and chemical distm- 
guished, 167-168 
• — - method of, 161-162 
of degree, 292 

— of identity, 292 

■ -of space, 292 

of subject and attribute, 292 

of time, 292 ' 

■ relation to analysis, 163-164; 

166; 167; 169-171 

— relation to deduction, 176 
Synthetic chains of reasoning, 278- 

2795 280-284 
— propositions, 44-45 
System : and knowledge, ^ 

in mathematics, 188-189 

nature of, 180 

— relation to inference, 175-1/6; 

180-182 

Systematisation ; 491-493 ^ ^ 

and subsumption of empirical 

laws, 491-492 

Terminology : scientific, 94 
Terms : absolute, 37 
— ~ abstract, 36-37 
class,. 23-26 
— — collective, 24-26 

— collective and distributive use 

of, 25-26 

concrete, 35-37 ^ 

— — connotation of, 26-29 ; 31-33 

contradictory, 34-35 

contrary, 86 

definition of, 19 

denotation of , 29-31 

- — - distribution of, 103-104 

equivocal, 20 ; 74-75 

general, 23-26 

individual, 20-23 

•— — negative, 33-36 

positive, 84 

— — privative, 35 
■ — - relative, 37-38 
— - scientific, 61 ^ 

Testimony: accuracy in. 

and probability of i act, ouu-ool 
corroboration of, 350 
criticism of , 34(>-351 
-- — criticism of indirect, 3ol-th>o 
importance of, 344-345 
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Testimony : non-oral sources of, 361- 

. 362. '■ 

"-—sincerity' in, ,346-347 
, value of,. 345-346 ■ 

Tetralemma, 269 
‘ Theory ’ and ‘ Law,’ 382 
Third Figure : special rules of, 234- 
235 

Thomson, Sir WilUan' experi- 
ments on diitfusion, 398 
Thought : laws of, 13-18 

nature of, 1-6 

‘ Totum di visum,’ 71 
Tradition, 362-363 
Tree of Porphyry, 43 
Trilemma, 269 

Truths : contingent, 486 ; 489-491 

established, 486-491 

necessary, te-491 

‘ Tu quoque,’ 209 

TJeberweg : on circle in definition, 
53 

on crucial instances, 366 

■Undistributed middle, 225-226 
Uniformity of nature, 304-310 
Unity of nature : 304-310 

, — meaning of, 308-309 

— — origin of, 304-308 

scope of, 309-310 

Universal : in deductive reasoning, 
286-287 

in inference, 179 

propositions, 100-101 

definition of, 97 

Universe of discourse, 30-31 
Univocal terms, 20 


Uranus: irregularity in motion of, 
357 ; 406; 407 
* Utter ’ : ambiguity of, 61 


Yalidity of syllogism, 287-291 
Vegetable mould ; formation of, 416- 
420 

Venn: on logic of relatives, 291: 
292 

‘ V era causa, ’ 363-364 
Verbal definition, 66-66 

propositions, 44-45 

Voltaic pile: source of power in, 
425-427 


Wa'ke77ian ; on war, 197 
Wallace: on varieties of melons, 
376 

■\¥ater : electrolysis of , 396 
Wave theory of light, 440-446 
Weakened syllogisms, 239 
Wells : ebbing, 400-401 
Whewell : on application of theory 
of gravitation, 365 

on fallacies of observation, 343 

— — on nomenclature, 93-94 

on Ptolemaic hypothesis, 360 

on suggestion of hypotheses, 

358 
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